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BIE ¥ B

3 ¥ (Allium fistulosum L., 2 n=2 x=16) X= VU F (Liliaceae)
DEXXE (Allium) CBRTH5HEXTHD. TORBEOERITEL, 6
HREOFEHOEE FREN] TRLELFETOILREREIALTWVEZ
ERD, HRTTERAFORBLREESEZELTVWEZI LBFHEES
n3 (FFE, 2000). A TORKIIT 10D TFEMA] KHED
LEN, AERBRRKAS T OEHMTHEOHBINESLR, ‘T&E, ‘A
&, ‘MEB RFoORBEBEEIBRINE (JLH, 1978). XX D B AXKE
NTORERRIZ42F MY (2001 FE) T, BRXEEEOFTRE
I0MZ2EDIEEREHTHD. LrL, FOFREIZOWTIEREE»
CEFBREIERT, MOEBEEFRICHETILIBENR TS L
Wz 5.

EBOHRTEEINTVWATEHEEDO “BAMEXX X, BEKOE
NEHEEETHH, BERXEVCH (BWRE ; Puccinia alliil) OBIE
WEIAEMENRLERE LTS, ¥/, EABKINWVEERETHHZ & H
5, W—REFTPBRIESLZVEVIBEALERRINLTVWS. &iF
OPEBEEMAETIFELLT, SVFEMEEETFOEAREZ IO
5. AXGBBEOPFRIBIOEEFRBAEDOL IAERB I TV RN,
AXBHEBHOFTDZ R FX (A cepal.) BABIZCH T AWHEELDL
NTW3 DT (Jennings et al.,1990), ZDOREOMNENLETH B.
i, FXOH—LRAFTEZRERT 2D, F1EBEOREEXFD R
FERLELEZOLND. FEREBICE, XXEBEHO=7 (4. tuberosum
Rottl.) THERENTWVWAB 7RI X (Kojima and Nagato, 1992)
EXRAFICHALT, X0 F1ERGFEOHELZRDIZILBEEND.
SBic, =v=7, FvX¥, Ty FavRLOMOXXBEY TH
BEEERICEETIBBETFRIHALON IR RS, XXOMMMEHE
EEODHDITR, ThoDBEFEZEALLFABOTFRSHFS
W, EHIFNFERIINLOEREZHRTLILDOENRFE
Thb.



ek, MAShERBLREHAOTFRECTFRBSEEYL TV 2O8E
EIZHARADLEDICE, MRECENFESCHRNBERNCIIEEHK
DM - MEICEL > TR ENTE7 (Sharma and Knott, 1966). &
W, MBERBREZAVAIZILICLE, T, ARBEEEOEENBEEIN
ZZeREHENTWS (Wang and Zhang, 1996). #€-> T, #H& -
HWERERBFEZAVDIZELIZES,T, EEHNEEELEEESERD
FEIVEBHEZZEONDI DO LHFEIND. ST, MRERERE
ZBLIOCTe b 7SR MNERERIERNRECTFOEREZFET DL
o (B, 1999), ThoOBRROFMARLL>TY w7 n—FAE
EoRALAIELEZEZOND. £/, Yo b7 X NHEIEERBT
DEBITHBREY / 2AOREZARICTLIEMTHY (B4, 1998),
MREBERICIIMREEERRRER (F1&AEBEOERR) 2E8HHMTE
KT HZENRTED (Tanno-Suenaga et al.,1988 ; Akagi et al.,1995;
Ando et al, 1997; Nikova et al., 1997; Rambaud et al., 1997). Z @
Lo, RXOMBEERTRZ, MREER, Yo b 77X MERRB &
C7a b 753 2AMREERED—EOEYITENFEIT, FBREROX
FHEOXBROARLT, SHOLIEOXFOEFRILL > TED T
EELRERERICRZIbDOLEZDLOND.

GCHREBOERICE - T, EELTEHEEDODLSI v T T
AP ODHEYEBEROELPLATHDID, BEETOLE I A5,
FFXFTR P T7APOERRIFEIATLRY. ZAETOAMRIK
3L, BEFEEDOAXBEH T, SEEZETHT b7 IX
FEEETAOIREOOMEELLT, —, BEBHEROALZPFHLEIND
(Vasil and Vasil,1992). T L0 AENL, EFEHEHWO=2 U FIC
BTB5RXFIIBNTYH, HEMREBEHEL T2 57X MERR
DEIEZHRPTHIESELELEZALOND.

FZITERAETE, ETEIECBVWITXRXTOMRBEEROEILE
BEfLL. ¥hbb, EAMXX 2xLpBE LT, XXOINVAE
E, HREBBLITCINVADPLOEDEBEROELZTEN L L.
B, B—2HRER2EART 272D, RBHREEROBREEN



FEETHDH (/EH,1999). XX (Allium fistulosumL.) O 7 )V R FHE
BIXOHEYEBERCETAHRICON TR, KEDH (1981), Shahin
and Kaneko(1986), Valk et al. (1992), Song and Peffley(1994), Karim
and Adachi(1996)2 LWL O DHRENH D P, BEBEMREER OH
%1 Kim et al. (1996)DH R B H DT &RV, XXBEDHICHE %
ETFTHTYH, FFXX (A cepal.), = =7 (A. satival.) %
LT, INVABEERIZETHE OHFEH (Fridborg,1971; Havranek
and Novak, 1973; Novak,1980,1981; Dolezel and Novak, 1985; Havel
and Novak, 1988; F 5, 1989; EE 5, 1991; H# 5, 1992; Valk et al.,
1992; Karim and Adachi, 1996; Tanikawa et al, 1996; Matuda and
Adachi, 1996; E#E 5, 1996; Barandiaran et al., 1999) BB E E N T
WAHALO0, BBEBMBEEERIZONVWTIE, V —% (A. ampeloprasum L.)
® Buiteveld et al.( 1994) B X ' # = X ¥ @ Tanikawa et al. (1996)
D2BERDLDICTERN. o T, XFOBRBEHRERBRICET S
MARIEZEEIVARRZVWIELL, “BMRF 2HBELTHEBICE
DEBRERBTHIILHILETHS. _
FMETIE, XX 2 b 73X Vo0 EDEBEALAROEMNEZEN
& L72. Takebe et al. (1968) X N DERBEEBENLOTROBEER %
MALTZ7e b 7722 RECHBTIDII LRI LTER, *¥
BEEHBZEVWTHLE»o 7 b5 R FOEBICET 2R
(Otsuki and Takebe, 1969; Bawa and Torrey, 1971; Schnabl, 1980;
HR S, 1984; KE - &, 1984) "B HIWITED N, BT, %
DEBIZOWVWTHLRALNTIEWED (Bawa and Torrey, 1971; X
¥ - B, 1984; Feller, 1993), 1980 FRIZBWVTiX, XX BHEDH O
Tu b5 RMERORDFIIZ v XX (Wanget al.,1986) IZB 5 1,
TOMEFIIEBD THRVI EHEMS LTz (Feller, 1993). 1990
FERIZA->T, U —=*% (Buiteveld and Creemers-Molenaar, 1994),
Z < X% (Hansenetal.,1995) B X P=2 =7 (Ayabe et al., 1995)
D7 b TFS5AMNPLDEMEBREARIBROVTHEINDITE 7=,
LU XXBHEDOTa b7 F X MEBITEA L L T “recalcitrant”



<HBH L &N (Buiteveld and Creemers-Molenaar, 1994 ; Karim and
Adachi, 1997), BEKXEDZE T, XX b 77X 1 b0HEDE
BARZBILIRIDIARZEBEIATVRY. #£-oT, XFIu b 77
A PNCHBREREH, BEESEH, BIXUOEBREFERLIOESHELH
LNICTHILEPEERETHD.

BENETIE, XFLEITXFLOERW T b TYI X NBEEORE
YEEHNELE. oS VTSR MEEIR, €, RVzF L
7Y a— n(PEG) (Kao and Michayluk,1974) 5% X +J VFE
(Kameya,1975) REZFMAB LIALFEHNFESALA TSR, &
ERERINARZLIDZIFEIEZEICEEL, BEE D VEESDHER
BWILEPOEEELLTHAINDIZCE>TZ (FH - +JI, 1989). X
XBHEHOT2 h 7T X PBAIZ OV TIXEEIZ Buiteveld et al. (1998)
& o TY —F (4. ampeloprasum)& % < R X (A.cepa) & DM
DEEPBEINTVWEHOD, BHO7a b FI X MREEGEIAFAY =
Frey7Ua—n (PEG) TIVfTohTEY, BHEFREIEFHRER
TN TNHLEREIMSLTLLBEZRY. 22T, EHETEXITEEDY
THEH THAKROLIBERBEREFLHOMITTDI Z LITLE.

BEVETHE, FIEBLIUVCEVNEOMREBEIXARX LI -RFL
DHEHREBEEEODERZE 7. £, EohiEPEIZONT
DNAVARATEDOEEHAELZTo. XXBEHICBVT, #BF 20
EORRZ7e b T75XA ITREENROBEIPBEN Sz (Bracha and
Sher, 1981; HAX 5,1984) 0D, KHKREREOBECRELR I
7o. BRI 7R o T, Buiteveld et al.(1998)I2 &L » T VU —F (A4.
ampeloprasumL.) £ Z <X X (A.cepal.)  DHEMEHEREDOEREN
—HIRESNTVRIICBEERY. XFXFLITXFLOKBREBDCF
REHRIT, AXOEYTENTRELHETIEDELADOLDOTHS.
UED XS, AFRIT “BMNXX 2F]HE LT, MEEER,
Tu hFSRAMERR, Tu b IR MNEEEBLCEHEREEOR
DO, —EOXFREEDICETIXIXOEADIENFELHETSZ
CRZEY, ZERLRXXBEDOFREBEGERE AL FEIZL, ¥



OERE, Bz, BREBED ‘BAMXX O0ERIGHEXRBIZETS
DT DOTHS.



FEIE XXOREMEERESICHEDERLER ORI

FXBHEYOHREREROMECNIBD TRONA TS Z L b, RETIA,
BREROXXTERED “EMXF FHML LT, IVAOHEE, BREMARE
#, BLUCHEBEETEROBEZRS. S0IT, BEMEERICL > THEE
L7 MR b OB EEDEEEICOWVWTFMET 5.

F1H #HEBIUFHE
2-1-1. XXGEHPOLDOINVAHE

FXOHEHERANEZINVAHERR CTIX, HBEMNSE (BREAXRX
HEHLS) BLY ‘@R (BAEY) 02AB2AV, BEFrEEERELCE
bNT-HEMZMEIE Lz, £, B#FPOL aBREICSNT, 0. 1BIT
0. 2M D 2B EZREL TRBREZERL -,

FRENOEFIL, H70% (vv) O F ) — )BT 145HEEL, §0 T,
HERIBE 5% DT F RN 2 (FadesiZE) 50 m 112V A — > 20 (Sigma)
¥ 2— SEMALRERTT, BTERBLENS | RUAEL ok, BE
REZZET LEEFIIBREKCIEEEREZBRE L. Zh b 0B FIIRRE (D
B20mm, £X 10cm) FCTEML LIV AEHESH FIZBE L. 25 C B
BTC2EMBEBLEDOL, BFELESHEHDOERTL2ELRE 5mm KOM
BE B THERFE—OEMIIBEL, SHI21 7 BERE2#EE L THER
ENTEINATRRETE Lz, IV AHEE T BDS E4E/HK (Dunstan
and Short,1977) #E&X L L,ZHI 4.5 1M 2,4-dichlorophenoxyacetic acid
(LLF, 2,4-D &9 5.), 0.44u M 6-benzylaminopurine (2L T, BAP &9 3.),
1.0 g liter ' ¥ I /E(DIFCO), 0.1 £/21% 0.2 MO =8, BXT0.2%
T oA (FRME) 22N ERHEML, pHE.7 THELELOEZRWE.
BEHOBE XA — 7 L—TIC LY 121C, 15 HEAETIT o .

2-1-2. XXEEABEBIOOLOINAFHE



EEREERI L O NV AHERRIT, ‘XBEMNEE BIV ®ARR (2
RIEH) © 2 &BICN:, FTHEBERY BELLT (PxrARR) EF
‘&R (Ul 2 REEERRAEERBRESRDEHLSBENLHE) O 2
FEEAVE., ENTLORBEELRXIFZROEFLFES (EEZED 0.4—
0.5 mm K) #EFLEWSETTEUVERY, Va2 EREZ 01 M LLELERED
ANAFEHEEMICBR L. BR 1y ARICEBRENEZINVRIZOWVT, K&
SRS BELEDOREEHAILE.

2-1-3. FEINADOREMIEERROBRR

TN ADREZBERBETIE, ‘HEBN 5 5 oshEwEEILVA (BT,
SHEHANR) BLOZEEREEGREKE IV R (LT, EEIVR) Z2HERAL
7e. WAL H#IE BDS EMEBHEA L2 ERIC, ROV NV AFHEE# TRV 1/2
BED2,4-D L BAP %ML, YaEREIZ01IM &Lk, ¥/, pHEHE
#l & LT 20mM @ 2(N-morpholino) ethanesulfonic acid (LA F, MES &4 3)
EMABLE. ZOMOE#MKSIZEEEOINVAFTEEMEFEFEE Lz, 200ml
BEOVS ABERT 7 A TREE#H 60m]l ZEAL, Zhzd— b7 L —
7 C1217C, 20 SMOBELEE L2b0r ATz, 150 C -2 BB OBERE
BREOEZ L7 1mm ADRXTF U VRAAy Y a BT, ISR IOEEIAL
AEHLOSLTRBSE, EMRMAREHE (50X g OFELIEE 3 SHLE, L
TPCV ET3) &L TO0.1ml EXEESFHIZEML, 25°C, BET, 120H
RIS OEESEEZTo. BEBBEDS, 7, BIXC 4B REHELZIL
AOPCV #HE L7 RBRIEISEDBICEEINA L S SKETERE L.

2-14. XXINZAOBEBRREREEDYE
rETELNE HBEM5E & &R OINLRERAWV, 3SEOEDNDXR

TFTUVVAR Va2 ETHANVAZMRLL, BEEHE EHICHBEELEREIE
FOLERTAFEYRE L. REBRIZ05, 1L0BXR2.0mm A DOHEERE



LizAF v VA Ay = (lida Manufacturing Co., LTD.) %@ &-E7-HikE
BAWAEEL, ¥E3, T, MBITC21 BEEDOPCV 2RE L. FHkX
ClEEAERRBE 213 AKE L. RRIISEBILIC3RETER L=,

2-71-5. AXORBEREREHOEBBRERIROBICITFI JBBORM
ZhE

BDS BHIICEEN D ETERERBERB I TH S, 256 mM HEI Y VLB
Y04 mM BT VE=UVLAORNMEZNEE L, 2hb®0/4,1/4,2/4, B
FO84 TR U AR CHROEBEEZ B L. RV RIT ‘&
BEMSE OHEHIALRLL, 1mm ODRAT U LVRA vy a0V THE
ftL, PCVELTO01 mlEOMREEZER L. BHER2EMBIL, ThE
NOPCVEHIELE. RBRIISKELLE.

Wiz, BlrorV IV BOFMES LT, 0, 100, 200, 400, LT 800
mg: 1 7D 5 KEEZRT, INVAHEBICHTH2HREZFE L. AL RIX
‘WREMBE L ‘&R OHEHINRE L. RBRIX KEHEM5E’
DHEEIT 4 RE, ‘€ OBEIIRETIT o, TOMOEREFHEL IV
AEEIIRAR 2-1- 3 LA E Lz,

2-1-6. XXOBBHREHFOT aBREOHE

BEZHPFOL a FERMEIZOVWTRHLE. ‘€8 OIAVREAVWERER
T, 0.05, 0.1, 0.2, 0.3, BXT0.4M D 5KEDOY aFERELRI LI,
—7%, ‘GWRMEM 58 OE4IL, 0, 0.05, 0.1, 0.2, 0.4 BITR06MDE6
KEL L, BB HBEM 55 BIXW® ‘&8 bt 4 RETIT- 2.
TOMDEREMER LCRABHEIIRER 2-13 LRAKL L. ThEThoRBREK
TRONEINVAPETu VTR NEEEL, MROBRICOBREEZREL
. 7a h 5 R MR TERE L TWBERE 50%KH 0 b 0 % R
(Non-vacuolated cell), 50% 2L ED % D ZHMALAA (Vacuolated cell) &
LTEMETCIHMLEZ. BELEZTRATOY e F 77X M hoEBRIET 2 b



TSR MNOBRIEEEH L.

ANVAPEDTa NI R OHEBEL, 3% wiv) EAT7—E-F/ YF RS,
0.5% (wiv) ~&Er¥A A5 R200 (BLE, Y70 EHE), BEWG 0.1% (w/v)
~_RZ7 Y F7—+F Y-23 (Seishin Pharmaceutical Co.) DEERMHEK T, 0.6 M =
= +;—s, 5mM MES, CPW &#5 (Frearsonetal., 1973) ,0.1% (w/v) 5
FRAMNIUBRMEZENENGEML, pH % 58 CHRELZBREZHAVE. B
FIIX Steradisc 25 (0. 2pm, 7 7R Y) ZAHVTTZ 4 A F—RBE L=,

2-1-7. FXBERILRMAEIH L OEDBEFE

2 mm AEIZRELE HEAMN 55 BITC ‘& OBREEEERY
HRL, EDEBAERRET 7. EWARFH AL LT O & 05 tM D2
K¥ED - naphthaleneacetic acid (EAF, NAA £33), 0.5,1.0 BXT 5.0
uM © 3/K#D BAP ZE&bHE, 6F 6 LEORRRERE LTz, X5
HWIXTERRDEL 1/2 & L7z MS ## (Murashige and Skoog, 1964) % Fv»
7= (LLF, 1/2N-MS ##1233). ZOMOBHRESE LT, 1.0g- literl &
I8, 10 mM MES, 0.22 % (w/v) 52 H L, 016 M v aEE2ENE
MLz, 7, HHBopHIZS5.TICHM L. #1325 C, 4FHOD
HEHEXITHEET (20 ptmol'm2-s1 ) TITof.

KIZ, BV VBIUCAFIVBEXXINZIN0 OEBDEBFECRETHR
KOWTHRE L., ‘H%BEMEE ORBEZBINVAZHERAL, 20 mM L&
YoEX 1.0g- liter™t OAF IV BEEAERARMLIEE]HE, Thb%
ERME U=t BECHESGEOBEREZ B L. EWARFRESAIT 0.5
tMNAA & 1.0 MBAP L2 ZNFNHEMLE. ZOMOBEHMERE XU
EHFEILEOCHEDEFERRLEFAKE L.

2-1-8. MREBREEZRBCTIXAXREERNE»LOEVERE

FXREEBINVADLDHEGDEEREEODEEEETHONITEED, 3, 7,
BEIOY 14 BOFHBREIEZRIZINVZAEZRANT, EHEFERBRLT 7. B



E2,rABIZ, Ya— MEROBEBR TH DFERRBERE, AT a—1
DFEEPBOONT=INAIIHEL, FOINAEEZRE LU -. S X UEs
BFEITRBR 2-1-71C8 U~

B2 & R

2-2-1. XXGHEH»LDINAHH

HEEMEE BIW ‘&R O2HBEOXFEHANT, SEHEREN?D
DANAFEERH L. 20K, S#FO aBREL L T01R8LT0.2M
D 2KEORBRRERE L. ZOFER%E Table 2-1.1TR L7, H&KEICIT ‘B
BEME B TERLEZEFD 36.1~36.7 %, —7F, ‘&€&’ TiX29.7~50.0%
DEETHNVABEREINE. ‘€8 ©01M Y aBERT5H0%EINVAFHEE
EPREBHE N2, TOMOBBRETIIBER LEZBEBFON LB NO AR
B ST,

RS D, BETHOEBEPERLEZDOL, TOREIZHEY = U —Ik
FRERBEERROINVABERENT: (Fig.2-1.). BRIV ZADOERBEILY
aFEREOIM v 02M ORBXTEVWVERIZH . BFELEESE
EHBPOIRIAINADREZBIRD DR T,

2-2-2. XXEERBEBRNPLOINVAFHH

‘REM 5B L WA 02 BEICML, THEERX BHELLT
(PxrAR) LA (AMAER) © 4 EBEHEZHERAL, Zho0EELE
MNP ODHINAEEEZRH L. FORKEL Table 2-2. 1T/ L. ##R L
AFRESBLHIC, SONULOHEETINVARHHEIN. 4 REOE THM
WHBE, ‘HERAMSE BEIT ‘HBELLT (AMER) ©2HEETIT,
BERELZ 24 BOXTEF D 16 @ (66 %) LLET, 6 mm BLLEDI NV AR
Entz. —F, WRHE L BELLT (¥ rFR) X 6mmBLULEDOD
NAEFBRLEEISIZ4% &0 BhoTz.
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2-2-3. XX UNADOEEERBEORR

EROXSIZ, RXOGHEDH D VITETERFEBEL L OI N AFEI TR
Lol T, ‘WRMEM 5B OHEHINAEERINVAEZHRAL, I
ADBERBERN Lz, THEG»OHE SN R ZHRL LW THlE
BHPICEALERT S E, IV AERSFETICERBBRELY bbb
BT HICEEoT. o T, INAREREEEMIZEMT ABEIZ, Tanikawa et
al.(1996)IZP-> T, ATV VR Ry va ECHLEBLTEAILLE. ZOFE
T2EOINVAZEREEHIZAN, AEOINAEEES 3, TBLIU14 B H
WHIE L., F0OHEE% Fig. 2-2. IZRLE. WEMINVABICEEI LR
EH3HET22M%, TEET3—4FLHEEDOHBERIZRENR NPT, 14
HECIXHSEH I N RT6.60%, —FH, EEIVRIZ101ELRY, EEINL
ADHEERPE VVERIIC DT, L, REMOBENEL t BE 5%KYE)
CLAHEOEREZIRBD bhzholk.

2:2-4. XRINADEEEREORE

‘WREMSE & &R OHEPINVAEERL, 3EORTULVRA
V2BV THR{L LNV AOHEBEEZ & L. Z0KRE% Fig. 2-8.
R LTz,

‘SR OBE, 0.5 BLT 1.0 mm BOA vy o AWM CTHEEN
BB LEZ. 21 BEORKFEETIX 0.5 mm BREKT6.4 L2729, H
T1.0mm D 5.6 %, 2.0mm D 54EZDJEL LR -7, 0.5mm & 2.0 mm ED
LB THHBNICHEERZE G%KE, ULTH) AR ENZ, 0.5mm & 1.0 mm
BCTREEBREZERBD DN Mo, —F, ‘HEMAM 5 5 0HA TiX, 1.0 mm
BOAyva22RBWEMROBEENMO 2ABR LV HALMIELLHEBL
7. 21 H EORKFAE TIE, 1.0 mm B 100 fFEHERERo-DIZH L,
0.5 8L 2.0 mm BTIX 5.5 fFRiIclkEEo7-. HEHICH 1.0mm K &4
D2RETI% VRAVOEFERENPRHE ST,

¥



Packed cell volume (ml)

@ — - @ Callus from shoot
meristem region

12 |
o——o Callus from stem

disk

0 I i I 1

0 3 7 14(days)
Days after culture

Fig. 2-2. Comparison of cell proliferation derived
from two defferent tissues of Japanese bunching
onion; n=3. Bartical bar in the figure indicates stan-
dard deviation.
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Kincho Xb

X—---—X 0.5 mm—size
O——0 1.0 mm-size
& — -8 20 mm-size

Packed cell volume ( ml)

O [ 3 W 1
) 3 7 14 21{days)
Days after culture
i2r K X 0.5 mm-size
Kairyou-hakushu 5 Gou O——0 1.0 mm-size

@& ——-® 20 mm-size

Packed cell volume (ml)

0 3 7 14 21(days)
Days after culture

Fig. 2-3. Effects of cell partition through various size of stainless
steel meshes on cell proliferation of Japanese bunching onion cv.
'Kairyou-hakushu 5 Gou'and 'Kincho'; n=3. Different letters in the
figure at a 21 days culture indicate significant differences at the 5 %
level by Duncan's multiple range test.
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2-2-5. AXINADREEBERMOERBBERROSBICITI VBOE
s

WAEEEH O 2BORS B AN AEFACRIETHREEZ BRI L. BDS B8R

DHFDEERDSELIRED 0/4, 1/4, 2/4, 3/4 BIX O 4/4 L L7552 B LT
(Fig. 2-4.). ZDOHR, ERRTENLVELEINVZAOHEBEENBEEIZES,
BDS HORIETH D 44 DERERSETIE, 2 BARITIT B 16 FOHEFE
Rrhpofr. 3/4,214, BIVO V4 ERUAZEZERSTERXTIX, VVAEEERT
4/4 RDOZFNEN 84, T4, BEXT 48 % LV Rbrof. HBIV UL LHEET
VESULEEERY 0/4 OEMTEIINZAOEEIZIFEALRD LT,
4/4 KD 10% BETH 7.

RIZ, BHFOLTF IV BOBMBRELFEE L (Table 2-3.). ‘HERMEM
5% TIiX, 0—800 mg - liter! KEO I NVAEBEREIIRER 17.714F, &/ 15.7
FLUBRETRERS o, £, ‘&R OBELVRAKT, ¥ BE
mMo 4.1 FAMAER LY bEWVERSH 555, 100—400mg « liter™*
Tl 4.8—5.2 FLRVHEHBTHLAEEEZTI R o .

2-2-6. FXINADIREEBEHTOL a BEREOHE

WEEHFORE 2 a BREZFALNMICTHIENT, B20BEDY a8
EWRML, IVAOHBEEREE L. £, HELEIAVZRNLT 0 b TS
A MEBHEELT, BEBD2MAREICEAZHE (Nonvacuolated cell, LL
TNVHRETE) ORE2HELZFig. 2-5.). TOHERE% Fig. 2-6.1ZR L
=. ‘&R TiE, 0.1 BLXT02M DY s SFBETH N AHEEREN 5 fFaiE &
B, oY a FEREXKLHHNICOERERETD . INVABEERIZ NV
HROBIEEZR AN AEBZER TS L, 02M O aBRETRRERY .,
#TO0.1, 03,006 BLXULO04AMDJEL 2 o7, ‘EAM 55 Tix, 0.05
EO0IMOY s ERECTHINVAHEENFEERICEL, 17T FUETH-. NV
MREEELAD L, &R LEKRIZ0ZM TRERER-T.



Packed cell volume ( ml )
o

0/4 1/4 2/4 3/4 4/4
Strength of nitrogen sources

Fig. 2-4. Effects of nitrogen sources in liquid medium on
callus development of Japanese bunching onion 2 weeks after
incubation; n=3. 4/4 strength of nitrogen sources indicate
that BDS-original nitrogen sources presented by Dunstan
and Short (1977) were contained. Different letters on the col-
umn indicate significant differences at the 5 % level by Dun-
can's multiple range test.
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Table 2-3. Effects of casamino acids in liquid medium on callus development of
Japanese bunching onion .

Concentration of Packed cell volume (ml) *
Casamino acids
( mg/liter) Kairyou-hakushu 5 Gou Kincho
0 1.68 ab 041 a

100 1.72 ab 0.51b
200 1.57 a 0.52b
400 ~ 1.66ab 0.48 b
800 1.77b n.ty

* Packed cell volume was investigated after 2 weeks incubation.
Kairyou-hakushu 5 gou; n=4, Kincho; n=3.Different letters in the identical
column indicate significant differences at the 5 % level by Duncan’s multiple
range test.

7 not tested.
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Fig.2-5. Appearance of vacuolated and non-vacuolated protoplasts.
photograph A and B show the protoplasts isolated from the cultures in
0.05 M and 0.2 M sucrose-containing medium, respectively. Arrow in

the photographs indicates vacuolated protoplast. Vertical bar shows
50 um.

DVacuolated cell

~ 0.61 i Kincho
€ d .Non-vacuolated cell
~ (¥

£ b

= 0.4

S a

)

o 0.2

y o)

7]

X~

O

©

a0

0.05 0.1 02 03 04
Sucrose concentration (M)

2.071
= & & Kairyou-hakushu 5 gou
S
~ 1.6 i d
o
£
o 1.27
>
o c
© 0.8}
°
9 b
S 0.4r¢
o a

0 0.05 0.1 02 04 0.6
Sucrose concentration (M)

Fig.2-6. Effects of sucrose concentration in liquid medium on cell
proliferation and vacuolation of Japanese bunching onion; n=4.
Different letters on the column indicate significant differences at the 5
% level by Duncan's multiple range test.
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2-2-7. FXBEERBIN AL OHEBEELE

HNVARPEOEBDEBEEZIINDTZDIC, BxOEED NAA & BAP ##
BOEEEEEHERLEE L. ZOHERE Table 2-4. IZTRLE. ‘&R O
B LBRIIBERE 51.5%, R/ME 12.0% ThHozolZH L, ‘BEM5 5’
TR KIE 26.7 %, &/ME 0.0 % LETEICH L THLNZENL-72. NAA &
BAP O#itb¥EAD L, ‘&R’ TIE 05 M NAA L 1.0 t MBAP, %
721X, 5.0 M BAP BEMBMOAER T 50 %L LOBESER L 2otz —F,
‘BEREMSET TiX ‘@ ERCEL, 0.5 M NAA L 1.0 t MBAP®
MEPLET26.7T%DHEDEEFERLERER ST, HEWT, 0.5 1 M BAP Bt
RMED 20,0 % THoT-. MOEEDLETIX11.8% U T EBAEMEN T,
BOL LY ORELZD L, 500 MBAP 2 S CRELZY =2 — |
R UNRLEFTEHREN 1.0 MBAP OZNIZHARTEWERNH - 2.
RXDOBFICTNWTET IVBROBREZAE L. TOKEREL Table 2-5.
WRLE., BOLEHIC7T I/ BE2RMLEVES, BELZ 64 oI LR
DL 28D HNVA (43.8%) NH P =a— " RBAELE. IV B% 1.0g-
1 "'HMT 5L 64EFTD34ME (53.1%) EHBERIZIVH 10% BEOME
BEDOLNE. THEITHNBERICEY VBEMTIE, 4B TCESELEIAR
IXOME (14.1%) EHBROUESUTOESERLLRY, BOLSHELCH
Hanrk.

2-2-8. HREBEEZRCTIXAFREZERBINZADLOEMERLE

MREREEBNPRERD HBREMNSE OINVIEHRAL, EUEOBEARE
EZRAELEZFig27. 7T RUTOMREREZTIIXBERLEAIAVZAD 70 %
Hitt CTHEHEOBENREDONEZ. —F, 4RETIX30% BREDCHEE THRE
PR OB EIIZ D ONEN, EVBOFBAEIBE S 2roT. 4 RER
TeANARZ2 y ALABIEEZHE L T, BEANER» L OB EFEAITIE
LAERBDNRDoTE.
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Table 2-5. Effects of amino acids on plant regeneration from cell
suspension cultures of Japanese bunching onion.

No. of calli No. of calli

A) (B)
Control 64 28 43.8
Serine 64 9 14.1
Casamino acids 64 34 53.1

z 20 mM Lr-serine and 1.0 g* 1 ™! casamino acids were tested.
¥ Above 2 mm callus in diameter was used.
x Plant regeneration was investigated 2 months after culture.



100

Calli with green spots

Calli with shoots

Frequency of morphogenesis from callus (%)

3 Ji 14
Number of subcultute
Fig. 2-7. Degradation of redifferentiation ability during
subculture of callus. Calli were subcultured at a 2 weeks
interval. Plant regeneration was investigated after a
two-month culture.
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3 E B

AETIE, #RHEL LT ‘®HBEMNE L LTHVWEM, ‘&€&,

BB, BELLT (Px AR BLIOHE (MA&R) 2Ho%k. ‘&
B ZBRVWEnThoffEed, BRERTTRESNTWAERRETHS.

‘YEAM 55 13, 1985 BT YD BTURFRRBE 455 TERD A
MRE PoBEIN, BRRATHBETER L THWARETHD GEE - F
BR, 1997.). ¥£72, ‘WERMEAMSE LREFEOTERTEREE ‘€8 b
BELTHETERBMB L LTEI>IZ LR, ‘BELLT X5 AFaM,
LTHIEHTTHEEN DI AHEREOXFRETHS. AEFIIHEZTITLY
RECDIEoTBRENKILERBELEEZIONS D, HERELZRET S
DIZIE, BH 25C—HH 2CHOEEREZEOE LVAEZRITHIZEBHEL X
d (FH - I, 2001.). - T, BREBET CTRREICLAFHREORSE
BHRIREN TS, ZOREERTA2FESE LT, REICKORWHRERS
MEMEREOFEREEMOBRAPED L ELLNDZ LD, #HEMEL L
THETHWSRZ L L LE.

IEOHANARFETHOONERLE LT, ShEYERE L ETETEEE
ED2EOMBBEMEL Lz, ZORKR, SEHERTIOIE 30—50%DHE
ET, ¥, EEEFEEE»LIX80% U LOEETHAARFEEIN, ETHLI
FEHEEP DD INAERBE ZSEBDERTON 2 LEI o, L1L, £
EHEORHBIIRGZE LB TURETHD. £, ThEFIHATRIERD LES
ERHOMBHIREEND. —F, BFHEOHHEDIEZ, KEICH S Z &7
ETHBZ L, TOBRERESETHBH L, EREBUCHEBRETESZ L
REDEFMBRENRSDZ b, BFHROIEDZINEELTH LD, £
BROZRITETIIEY LHEEINE. XFBIRFRXXFE2RHRE LEINVAE
By, ChooBEBICIYVEFHIBELZSHEDEME LT 38582

(Shahin and Kaneko, 1986; F 5, 1989; @& 5, 1992; Valk et al., 1992;
Song and Peffley, 1994; Karim and Adachi, 1996; Tanikawa et al., 1996;
Matsuda and Adachi, 1996; &5, 1996).



A XRHEY OERMIBO 3 {LRE R HERF T 5 7= ® 121X embryogenic callus @
FEPMLELEL S, ERETHEIPVEREZ LEIAIBFAEIND (UME - /b
R, 1998). XXBHEMIZBNTYH, £ < OF]T embryogenic callus DFFHE &
F DEERBP{THLN TV S (Shahin and Kaneko, 1986; Havel and Novak, 1988;
&, 1989; B 5, 1991; Valk et al., 1992; Song and Peffley, 1994; Buiteveld
et al, 1994; Karim and Adachi, 1996; Matuda and Adachi,1996; Baran-
diaran et al., 1999) . ZRBRIZBWVWTHL I N L DHMAZE T 2 T, embryogenic
callus DOFEEZBHI L. T72bb, HBHPOTaBREL 0.1 BLV 0.2
M ®D2 BfEE LTEBEIZL D embryogenic callus DBEEZRALTZ. D
R, ‘@R OBETIE, 02MOY s EEZ2RMLALINVAFERIOIMOE
NOK U2 ITIET 528, R LK 2 HEL b embryogenic callus DFERE
X 02M O aBEBRERXR TEWMERNEEIN, embryogenic callus DEZE
JEi%JE embryogenic callus IZH_RTEWI L BRRB Iz,

AXBHEDENZR L LBEMREREZITI>%E, V—F D8] ( Buiteveld
etal. 1994) ZBRW\T, INVRFERICITARLLRZNZ &0, ITmmBO
AFVVARAy Y a B AVWTINAEZ ABBITRRL LERT D2 L 2RATE

(Tanikawa et al., 1996). Z DO, SHEBIN A LEEINZZHRA L. £
DHER, TOFEZL>THAFORBHRERROERITETHS Z L13H
binkirol. i, SEHHINRALEEINVR LI, HERIIKEDRZLIE
FERJIT H embryogenic callus E AHLNB T &2 b, MEOEMRMEEITRZVD
D &L Ez bz (Fig. 2-2.).

ERORBREEE X, SEOBDAT UV VAR y V2 2AWVT, INVADHE
EREFRELE., HBEMNSE TiE, 1.0mm RBOFEIHEERNEL
KELSH#EBLE. —F, ‘€F° TIZ 05 £ 1.0mm KA 2mm KXy Lk
BENT. (Fig.2-8.). ZOFEEMDL, XXOBRBHRERLZIT I ICEL T,
1.0mm BORT UV VR Ay Va2 THETIZEBREELELLN
7z.

XFXBHED T, ThETHREERERD D OBEMBRIT OV THMRE
MBI TR, #-T, BDS S#E2E#EL L TEHPIZZRIZERS
NHEBRBERESEBICOVWTRREZT . £/, XXOEEEETIIT I



JBOWMBRBBENZ EBXRERTVWEZ b (FH - ER, 1991, 7
FIVBOPRIZOVTHRI L. TORER, EEEERRSIIBDS 0K
EREDHROBERNEL, TORIELZR U S L HAOHEERITEEITE
Tl (Fig.24). - T, ERBERKIBIIBDS DAFIEHLEZZDL
Nk, AFIBROFMRARTIE, ‘XBREMNSE OBEBRELRDRIRD
bhiahotz. —F, ‘€&’ IX 100 mg - liter! PL L CHIBROBEHEENRF -
7. bb, AV BIEIRFHEBOEME I L THENICIE» 2V L,
¥/, ‘@R’ TiX 100 mg - liter! L ETIIMBROEHEBIR VI EHBREN
72T (Table 2-3.), 200 mg - liter1 DFEMBEIZT B & & L.

BTRER T, embryogenic MRIZIZFDORZELHE VI ERFTRINTZDOT, K&
EHIEF T embryogenic MIBDMEFEEZ{EET H720IZ, KEEHMFODOT a5
BEZHRMN L. 2OBC, MAEENRA9SDMEEZEIZ, HonHint
7a b 75X MELT, HRRECEAERALLTHRVEROFISZRELL

(Fig. 2-5.). Z DR, MROBAERIL, 0.05—0.2M O a FRE THRWVA,
NV R OBEESRIE HBEMSE BLT ‘&R’ L b, 0.2M THE»M-
7z(Fig. 2-6). - T, XX¥OBBMIEEE T, 02MOT s FERMPEY &
Zx b,

UED—EORRT, FXOBBHRERERPELLLLELZONZOT,
IRbDOHREHERA L THBDEOBERRETo. £, #RERIHRIE
WEESLEEOETAERINTWAZ &5 (Buiteveld et al., 1994;
Tanikawa et al., 1996), MRBREKOR LR 5MEEZAVT, EHEOFER
BREIToTz.

EHEOBERRTIL, A—F T E LTNAA, 1 bbA =& LTBAP
EHRAL, TOREZHESEDE RN L. TORBR, WMaEHREIZ 0.5 4
M NAA ¢ 1.0 t MBAP DA EHLE THEHMERSILEEEL, ZThbDE
EXREEEEzONE. £, REMEFSBO LN ‘LWREMN ST OESHE
BERIERE2T%L, ‘€R O¥SBEICILEE 5 7-(Table 2-4.). Karim and
Adachi (1996) i%, 8 BEDXXHNAN b OEMEESLEBRM LIEER,
1.0 mg-liter! Db 4 X F L ERMEMOEE, HOEB LRI 24% TH - 7258,
0.26 mg-literl D7 7TV (ABA) OBFRIZE o TEDORIT 44% L E L



KMELZEZZLEZRBDTVS. FRRIZBWTHLBSEEEZEIDIIMEZIES
7-DITiE, ABADBHFAZBRNTHOILENR D D.

TR (1991) I, FXOEXEEEBICBELTHT I/ BORMBRI &
WZ EERD, ZOFREIEI VEER I A=UI2EB3 I EEHLMNILT
WB. REHA RN D OEBEBEICSNTOHFI ) BOBESED A,
BN T10% BEFSEEIAELE. ZhiKLTEY VY OFBMT
EESERTERNO 12 LLTFERY, 2 BRI E Y Bo{LIHA LI
E &7 (Table 2-5.). IS (1983) 1%, ¥~ XX OEHBIUVEHF I IV
FIVEELD, TANEIVE, BV, T5=2VREDT I JBIERMTS
ZEEHRLNMILTVS. ZhbD7 I /BIIEVOARICESETEEEZD
WAL, ANANLOEDEFEEICELTIE, BV UADOT IV BOBEEN
HEIND.

MAEREED 3, TRIUTC M4 EHOREEEMBELHRL T, EVEEER
BEIToN. TORER, TREUANOFHAERE TIL T0%MBEOFSLRL 2o
75, MRETIIHEBEOBAIIIZEAERED N -7 (Table 2-7.). Z
DFEEND, BBEHROFTENIABICOG > TIIEDEBEEDSLELZHETHD
DT, WREES 7R @BEE L T4 7 8) 288 L - BREBEEHBROF A
XEFT_RELDLHBTISAZ., ZORBIEIXFRED BV TUI—RICERM
N TW3 (Shahin and Kaneko, 1986; Buiteveld et al., 1994; Tanikawa et
al., 1996). £ 7z, R b MRFHNRFWEIFEMIZIT LA T 5. Novak(1981)
B=r =7 DANAERIBOTHRAEREERENREL 25 L& 2 FEHRSED
L, BFEEBLIUCEREAMROERBENGS 252 L2BE LTS £,
Dolezel and Novak (1985)i%, 2,4-D 2 FO#EHARFAHROFTIMT X o TH
BEBREELRDEER/LTVD. B, TO0BRMIIEEBFEINZH
REFBLT, SRRV 70—V EDER~OFAEELERENLTHEDOT
(Novak et al., 1986), FHIEHERFXEZE ‘XL 6T ~OLARHFEIN
5.

UL 572—BEORRT, XXOINVAHE, BEBEMREZERBICHED
EEERBEPELIINELDLEZLND. BBHARERIZIZIZRORS
WZoWTik, SBOBEE LTREINER, BEEZRILDRLLTEEHD



MEEOEREG, BRMMRLEEHALH LT HI LB TE L.
FERRORHEIT, RETHI 7 b5 X MOREBITEREDOLDIZE
THELDEEZBND.

At W OE

FETIK, ‘H%BEM S5 B ERLEELLT, EELTHEREMEOLDIXRY
DB ROBEELRE L. F0HhT, H—LHRERE2ED D
2, BMBMREREROEMENZERE L. BOoNZmRRUToEBY TH
5.
(1) AXDOINAFEIT, SIHEDEERH DV IIEERTEEAREZSMEE L L,
02 MDY aBEZARMLT 24D 281 BDS P ELE ThHho72. BFIE
bNHEETIE, BFHO0MEYNKEMMEERE LTRIATAIZ LRERALE
FleEBXADONT.

(2) XFOBRBHRLEZITHI DL, 1 mm BORAT UV VAAyVak
AWT, MleZMRT2Z LBUHTHoT.

(8) XXBBEHIEERDO-DOEHIT BDS BH#iSEY T, 200 mg - liter?
DAV /)BERMTHILPEE LE2 DR, 72, VaBREL2 02 M
LD LHREICELERAL L TOARWHBOEERNE - 7.

(4) BEBEZRHR» D OEHEFENE, 05 1M NAA L 1.0 M BAP®
MAEDOETHDEBESLENE . £k, EDEELECRNTEIITFI )
BORMBEITBD N,

(6) FFORBIERMRH, O OEBEEFAERIX, 7 REUNOHRIEREL
ThHBL T0%RBREFPEREEINL TR, 14 RETIREDEOEAIIRED LN
ot



FNME XX b7IRMNERBEORENM

AETHE, MECHELLAEXFORBERMREMEE LT 2 b FF X
DEBEZITWV, XX b P57 XA M0 0OBEEOHIHEVEBEROHEREE:
BEIE LT, XX07 1 b7 7R MEBICHFEREHRS, BEFE, BLC
EHEOBAEEICET 2EEGOBRELZITo .

F1f MEBIUVFE
3-1-1. FXBBELEABEN LD T b7 T X OB

METHEL LEXTORBEBHRZAVT, BEN e 57X 2R
BEToZimatle. RRIBRRTFOHELREZEEZRETOII LB
LT, == br—EBE% 04,05, 06, 07TBLC08MD5KEZREL,
7u b PR MUEBLICGS e F IR MNOERERE L. HEMEIT &
B OYHEHINVAEZRBIRE T5BEERME (BAEEEL 2 8H B O#R)
AW, #500mg OHIEE 10 ml OEBERKIZ AN, 28C, 4BEEOEERE
& 95 (60 strokes - min~1) AEEITolz. BEREHEMIZIERED 5 KEDO-=
F—VIBEIZ, 3 % Cellulase “ONOZURA” (¥ Z A F &%), 0.5 %
Macerozyme R-200 ([F]) 3 X 0.1 % Pectlyase Y-23(BRERK)OBEREZ TH
ERHEML, Z0Miz, 5 mM MES 38 X0 CPW &E#15 (Frearson et al.,1973)
BEX®01% FXRXA M7 URMEML, pHIZ5.8 L Liz. BRLEERZK I
WRIE 50um OFA Ay aTHBL, BREZEERVENLELDO<=
P AVBEOWERBKEZEML, 60X g, 3 HMOELAEZ IERIVELTT
B NFSRMREELE. Ty R—aBr - ORHES (ZA<ih) T
7u b FSRANEEHEIL, ME10g FWY Vo7 b SR NRERE
MLk ¥, AT 1vEea BB (FDA) THRELT, Y2 7RO
& (Larkin, 1976) 23&E L7-. X 5IiZ, Nagata and Takebe (1970) ®F
BEIZHEV, Calcofluor 12 & Y %efa U CHIRRE O HILRIRE SR LTz, BRER
U7 75 R M EEEEHIT Steradisc 25 (0. 2um, 7 FRY) EAVTY



A NVE—BE L.

INOORBRIISKETERELE. LT, HIZTERLARWRY AR 3 KE
PIETCERL, Duncan DEERTEHEIZIL YD % KETULERFOHEMRE
LT o7,

3-1-2. 7u bT TR MO - BEOTDHORLYBESRME

HRELZF-2\Wa IR NIHBEOERIIH N &b, Yo b 7S5
2 POBEHE - BEOZO OB LFBERBFIZOVWTRI L7z, SR BN
EEES I0REB22V ‘LBEMS 5 oREEBMEIEZAWE (LT,
BIZEEBL2WVWRY FEOMEZAVWE)  BRAE 2K X MR EE L Rk
WA e A2 THEIBL, 30, 60, 120, 240 B L 480 X g DL 47Bk
23E#BVIEL, e IR MNEoBERR L. B, BRRLERFETOD
<= b= VREX 063M ¢ L. FABIZIVELNZT 0 NI X MIE
ORNEBEEZEHTHELDIL, 7o b7 A % 2.0X105f -m 1 "LITFHEL,
60X 156mm DRE ST AF 4 v 7 % — LI 25 ml BZEALT25C - KR
TTEEEZITV T, HICEBRLRVWRYREHFOFETEE LL), HERE
% 10 BEOHHMESHEZHTEBRET THE LR (OUT, FicEd L2
WIRY REBROFAEZIT- 7).

3-1-8 7u bS5 RMNEERDOI-DOFEIEELEDIER

(1) BB IRSE L

BDS EREEROLRNTEEENS VHEEY Y A (KNOs) B X URE
Ty ANHNO)OBEZBRH L. T/hbb, BDSEETHS 25 mM
KNOs & 4 mM NH4NO3 OLFBEL 55 L L, TOREL 4/5, 3/5, 2/5,
1/5 BLOCEERM (0/5) IKRULELFTT e VST R MERET 72,

FRORBREZT, RICEH#FOKNO; OBEIZOWT, 0, 5, 10, 15,
BIU20mM DOB5KERBRELT, 70 PSR MNOEERBREY T2, F
7o, KNOsOREL LTHEBEAF v 2—E (WBT M) vA5mM D) &

—31—



L, KC1 2 0—20mM O#FEE TS5 KEREL T, 7u h /IR FOEERRE
1To7.

P ORBAF LV IIAFTTRERTFEEATEY, ZhoBREERTTIA
VERRT VU R EDERILEMBERI N, FORER, HRIEEEET
DERELBRDIEDHEEINTWS (Feller, 1993). ZDOIZ L2 HERTHED
iZ, BDSHHICE TN IHET =7 A ((NHY:S04) BLUHR~ %Y
7h (MgSOy) ZRHBLLT, TNOLOMBA ATV 2EBEA A VICBERLEE
b7 rE=U A (NHLCD LET7RXT UL (MgCl) ZFMLTTa b/
TFAMERRIToT., RAEITEEE 46 BEOzn=—FRELHRIC L v &
AL~

(2) EHERFBHA
AX7u b TSR NOREEZFRTDHED, A—F &1L T 24D (0-
5uM), VAL HA=ELTBAP (0—5uM) 28AL, ZhbDFE
RBEESDEEZRRE L. BRI X4RDwS7uFfL—F (a—=vF
) ZFAAL, EBREOEMARFESTA TLSXI0E m1 "ICHRELEYS
0 bR MNBREK 200 1 ZEALTEZLE. RBRII2RETIT-o .

(3) BEHERK

RO o ERES 0.40, 0.45, 0.50, 0.55 B LN 0.60M D 6 KEREL,
INOEEDEEEMOBRBEEELAREA—F— (7+—FNt) XV EIE
THELELEHIZ, TNHOEMIITe V7T X e 1.0XI10°E - m 1 "R
BEIRAIOIBEBL THEBEZITo=.

Wiz, PO a7 FUBORELSE 04, 118, 2:2,3'1 BIT 40 &
Lz b BOBEHEMR T2 N TR MOKEREITo. 2B, BHOBREEII~
= b= ZHEMLTIEFEIZ 0.61 osmol kg™ HIZHAE L (BT, BHOBSEE
ITRERE L)

S0, Va7 FUBORNBELXZNEN0.2M & LT, ZhlZMA
THREEELLTO0, 005 BEUT0LIOMD3AELZREL TR ST R
BREEPIToR.



(4) v& I MR
BEi#tor s I 88 LT, B5 (Gamborg et al., 1968), TM-2 (Shahin,
1985) B X" 8P(Kaoetal.,1975) @ 3BOMAF2HER L T v 75 X b g
EriTol.

(5) FoMoFEILEY

EsmovrvEIvom, £ /7N, VAFAVBIOTRaAAEVBEROE
MBEZZNThRNNLEZ. 4/ ¥ b—/iX 0, 100, 400, 1600, 4600 B L
6400 mg-m 1 D EKET, YRXTFA2130,1,2,4, BLT 8mM D5k
T, /2, TRIAVEVENT 0,1, 2, BEW 4 mM D 4 kETHRREZIT-
7z. BB, 41/ F=—AORRICEY, ‘BEVEMN OSEHINZAEZEIRL
TAHRBEENRE AV, BE% 35-40 BEXERELzao=—K%2 A
ARICE v EFEIL7=.

3-1-4. FDMOBEREH

(1) BESRHF

7u NS5 R NERBO EFITENT (National FL40SS « EX-N/37) % &
BLI6RERBEL L. ZOEHBETT, 50%EARORELY % BHE(2,870
lux), —E#HE (1,540 lux), “EHE (840 lux) & LALEIIME T, T3
A —NER (FBR) O4A0BEXEZREL, ThThORELFHETTIa b
TAMEEERToT. BEE® 34 BEIL, BREINEan=—KFARITLY
BRI L 7.

(2) F—AKMROFMEHE |
Secm PBEIIAF v 7y —1iZi15ml 07 o v 772 NREBEEEA
L, ZHiZ 1.5—2.0mm EOHKEHAZ 0,2,5,10 BI T 20 EHEMNL TEE
Z{To7. RiZ, T—ABREFMEXBL L, 3EoF—RMEREERMLE
BBOBEFOHBLERE 10 X TOMIC2 ARBTAIE L. 72, %
# 10 FEOEMFOT FYBRESR /v a—A 4T ¥ —EE (BN, 1983)



wEVBEIELE.

3-1-6. XX VA MHBINVANLOHEBEELE

XX b IR MEEEBLTHNLIARE, Bohkkan=—2 IV XFHEE
B EIE) CBEL2EMEELE. 2mm U EEEELEZILVRAIES
bt (BOE) 2EAB{ALERREE (O£ 20 mm, &2 100 mm) 27
ML, 16 BREIME (8 2,500 lux), 25COEETHERE L. RERIZ, Bk
BEHR O 5 EREICOWT, 0.10, 0.15,0.20,0.25 B LT 0.30 M 0 5 k#E%E
RELT, X2y AROHEYEFEEEELHE L.

E3FH & B

8-2-1. XXBBEHEHENOOTS bTFT R FOBBEE

METEILERXFOBREBEEZMRE2ME L LT, 3% Cellulase
“ONOZUKA” RS, 0.5 % Macerozyme R-200 35 X' Pectlyase Y-23 OB
MERTTu b7 NOBEBESRE L. TOBI, BRETOHFERESEE
ERRTHEDIZ, ~= b NLBELLTHAKERELRRE2T-oE. £0
#&R% Table 3-1. IZRLEZ. BREFLE~=F— N OFEETIX, 5.4—9.6X106
Be1gFW 12 D7u b TR FREBEESREZ. FOFTYH, 04M O~
= b= L2 EDERKT 9.6X106 - 1gFW 1L EHEOT 2 VS5 X MLE
BELNE., BBEOCO= b ABETT 2 N7 X PREBZVWVERA®H -
7o, v = b—ABEMN 0.TM LLEICRDE, 7o b7 X MNEIX 6 X 106
8 - 1gFW IRk 720, 04 M KORED 60 % LLTFTE o7, FDARE
KEDVTu b7 RMOBERERELEER, 06 M RTREHED 949% &
Y, AEETTRIZEAED T2 F 75 X 3 FDA THeE I 7z (Fig. 3-1.).
—F, 78 b FT R MREREN ST 0.4M Ri 78.7 % L &K D FDA Hfase
Tholz. 7u b7 MNIELEINBHIIZ, ~= A BERENIZL FDA
THREINDIFEBZVVERICH o 7.



Table 3-1. Effects of mannitol concentration on yield and
viability of protoplasts derived from suspension cultures of
Japanese bunching onion cv. ‘ Kairyou-Hakushu 5 Gou’ =

mmon Protoplast yield Protoplast viability 7

(X106+ 1 gFW ™Y (%)

o)

04 9.6 a 787 a

05 74 b 883 b

06 75 b 949 ¢

0.7 58 ¢ 89.7 b

0.8 54 ¢ 915 he

z Different letters in the same column represent significant
differences by Duncan’s multiple range test at 5 % level (n=3).

¥ Protoplast viability was assessed by staining with fluorescent
diacetate (Larkin, 1976).



Fig. 3-1. Photograph of freshly isolated protoplasts derived
from supension cultures of Japanese bunching onion cv.
'Kairyou-Hakushu 5 Gou' stained by fluorescent diacetate
(FDA). Viable protoplasts generated fluorescence (Larkin,
1976), but some protoplasts did not (white arrow-heads).
Horizontal bar in the figure indicates 50 um.
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Bohic7u b IR MIKBROERKRREZLTRY, ZOERIT 156—45
pm DEHTH o7 (Fig. 3-2. A). Nagata and Takebe (1976) D FIEIZTE
v, Calecofluor ik V&N e VIR FOMBRBERELZERK L. 20
R, REINDZ /e b 7R NIBES LRI o,

3-2-2. 7u b IR MORERICEIRO D OE LSRG

BERUEEZSETLEE, Tu b/ 7R N EBRELEDETI LI, 7
2 h7I7RMNORE - BEOEDITITBELIBRELLELTD. £2T, &
DIIRTa VTS5 RAMIEZDIEBIZOWVWTHEERITo. ZOHRE%L Table
32 IZRLE. a2 b PS5 X MIEIX 60Xg OELEHETEEE 8.6 X 108
B - 1gFW1l Lo, BIREIZ480Xg TT7.1X106 @ - 1gFW1DINETH >
7. 7u b 75 X FNEIX 30—480X g DFELABREB CRER 2hoTz. —
¥, PIEMESZE (Fig. 3-2 B) RIIRLNVOENRBO LN, 30—120 X gD
FWHL L 18 %LU EEBEVWRRHREZRLED, 240X gL EIZT5 L 6.9 % LU
TIETLE. BE0MHHESEHEIL 60Xg ODBETI17.2% Tholt.

7B, MEIESIEFEEHRSHEEZEVEL, 2 BHEBICEEECHIRER~
LEZE L7 (Fig. 3-2. 0).

3-2-3. 7u bR MEROTDOFEEMEHDORE

(1) EHEERER

BDS EEORNICTHEENTWVS 25 mM KNO; & 4 mM NH4NO; 2 3f
B (Zh#5//6LKE) LT, ZThoOBE% 0/5, 1/5, 2/5,3/5,4/5 & Li-
METTue VTR MNEREITo 72 (Table 3-3.). ZOHER, 4/5 OLKFT
8.4 % DEBOMHMHHEENELN. BDSEE (5/5) X 3.0% & 4/5 O
USUTOSBEBThoT. £iz, 8/6 LTIRKUZ EHHRIT 4.7% T
729, KNO;s & NHNNO3 2E8FRVWAF TR b P53 X VOSRITIBD B
nixhoiz.

ZORRIDL, KNOs WEE LTHHAEEZRBEET 2 OOREREZRE
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Fig. 3-2. Protoplast cultures in Japanese bunching onion cv. 'Kairyou-
Halushu 5 Gou'. (A) Freshly isolated protoplasts from cell suspension
culture, (B) First cell division after a week culture,(C) Actively dividing

cell cluster after 2 weeks culture. Scale bars indicate 50 1 m.
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Table 3-2. Effects of centrifugation force on protoplast yield
and cell division in Japanese bunching onion cv.
¢ Kairyou-Hakushu 5 Gou’ =

Centfl(‘)lrf:egitlon Proytizrl)cllast Initial cell division *
(Xg) (X106« 1gFW™1) (%)
30 7.9a 139 b
60 8.6a 17.2 ¢
120 8.1a 15.6 bc
240 7.4a 6.9 a
480 7.1a 6.4 a

z  Different letters in the same column represent significant
differences by Duncan’s multiple range test at 5 % level
(n=3).

¥ Each centrifugation treatment was repeated three times.

* Imitial cell division was investigated 10 days after culture.



Table 3-3. Effects of inorganic nitrogen source - strength on cell
division in Japanese bunching onion.

Strength of inorganic Cell division ¥
nitrogen sources # (%)
0/5 00 a
1/5 36 b
2/5 40 b
3/5 47 b
4/5 84 ¢
5/5 30 b
z  Strength of nitrogen sources in BDS inorganic salts was
presented as 5/5.

J

Cell division was investigated after a 8 days culture. Different
letters in the column represent significant differences by
Duncan’s multiple range test at 5 % level (n=3).



Lz, Z0#E% Fig. 3-8. IZRL7. KNOs 2EENME L2546, FHME
DEBIL T3%ThHo7=DIZH L, 5 £721F 10mM HWNT25ZLiITXk-TE
DOHEEIZ9.6% LLEICMELAZ. 15mM L EDOEHEMTIX, 7.8 %LU T E2D,
5B LTV 10 mM ITHEARTEN -7, BDSAF O 25 mM TiE, MIEOAEFESE
PIELS BETIMEE S, o, MRSBERIEFRRTOSEMBORE %
BHLTWRZEhb, BRELULTHRESREEIT 76 % Lo, i
DHEZITALMIEEIND Z L REE S L.

RIZ, 7a b FSRAMNOREZRETIHNRIT, BMBRAAVELIEZIVITL
AFDEIDERLNCTED, HBEAFTVBEELZ 5mMICEEL, #V
VAAFTVRBEREZTIu NI R MNEEREITo 7 (Fig. 3-4.). KCI1BER
5mM DBEIIEEOHBESHEEI26% Lirolz. 0,5 BXN10mM O
ETHERITI0% DELEI-o~. KCIEED 15mM LL ETiX 10% Rif &
RYMZFITHITE» -T2,

EHBORMBA LTV OFERRXEOT 0 b ISR MOREBZRIETHRER
L. FOFER% Table 3-4. ITRLE. MEBA L2 8B TEETS
tan=—HEEIZ6m Yy —L%ED 49 BThoz. —FH, ThEEE
RVEHTIE 177 BEABO 3 HELUEERY, o0 —HREIIRES
L7z (Fig. 3-5. A B L TXB).

(2) EHERRAEHA

2,4-D @ 6 /K¥E, BAP © 4 K¥EZHELE T, FHMRIRELFHEL L.
ZORER% Fig. 86. I- L. MRRSEEIX, 2uMD 24D & 0.2 21
1uM @ BAP O#EDLET, TNFN 9.9, 93 % L&EMIo. 24D BEN
05 MEUETO02 BXT1.0 uM D BAP 0BEZHESLEEE, MRy
ZRIT 5% L EEEBEIICEN o, 2,4D BEZ 0.2, M LT TiX, BAP &
BEIZrPbbTEDORIT 3% LT THoT.

(3) HERMRR

BMORBELRESEYRETAED, VaBEREL LT 0.40, 0.45, 0.50,
0.5 BXT 0.60 M #E#MIZHEM L TEEEZITo. 88T, FREA—
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Fig. 3-3. Effects of potassium nitrate (KNO3) on initial cell division
in protoplast culture of Japanese bunching onion. The cell division

rate was investigated 10 days after incubation; n=3. Different letters

indicate significant differences at the 5 % level by Duncan’s
multiple range test.
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Fig. 3-4. Effects of patassium chloride(KCl) on initial cell division in
protoplast culture of Japanese bunching onion.

The initial cell division was investigated 10 days after incubation; n=3.
Different letters in the figure indicate significant differences at the 5 %
level by Duncan's multiple range test.
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Table 3-4. Effects of sulfate ( SO42” ) in protoplast
culture medium on cell colony formation in Japanese
bunching onion.

Sulfate No.. of cell
colonies formed ¥
Contained 49.3
(control)
Not contained 1778 ** «x

z Contained; 1.01 mM ammonium sulfate
{(NH92S04) and 1.0 mM magnesium sulfate

(MgS0O4), not contained; 2.02 mM ammonium
chloride (NH4Cl) and 1.0 mM magnesium chloride
(MgCla) .

¥ Cell colonies in 6 cm culture dish were investigated
45 days after culture.

x  ** Gignificant at P<0.01 by t-test.



Fig. 3-5. Colony development from protoplasts of Japanese
bunching onion cv. 'Kairyou-Hakushu 5 Gou'. (A) Colony
development after 30 days culture, (B) Visible micro-calli
after 45 days culture. Scale bar indicate 500 1 m in (A).
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~ Fig. 3-6. Effects of 2,4-dichlorophenoxyacetic acid (2,4-D) and 6-
benzylaminopurine (BAP) at different concentrations on initial cell
division in protoplast culture of Japanese bunching onion.

The rates of initial cell division were investigated 10 days after incuba-
tion. Each data point represents the mean value from two replicates of
wells in microplates.
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F—IZ XD ENETNOEHOBZEELRE L. TOFKRE Fig. 3-7. IZRL
To. BEREL L T0.40 8L U045 M THHMBRSEHEIZENETN 6.5, 6.8 %
EEPo. 0.50M UL ETREI2EDESUT THo7-. 040 BLTUN0.45 M
DY aBEEOCEMOBEEZRET S &, THEFH 0.54,0.63 osmol - kg™ !
Thoi~.

VaELT FUBORERNEREITIu b IR NOEERRET /2.
DB, EH#DIBZETE% 0.61losmol kg HIZEE L. TR % Fig. 3-8. I
AL, Va7 RUuBEEZThEN 02M FN LS CHHSRRIES
£ 19.1%% R L. W TT FUBEEMBNEH#EAEL 15.0% Tholz. v
g FEEMRINEHIT 78 % L REDHERTH -T2,

WIZ, a7 FUBEBE2ZThTh 02M TOoRMLE L, BESER
M, 005 BEXW 0.1M HFMLE SEOEMTHEERBREZT . ZO0ERY
Fig. 3-9. IZR L7z, B¥E%2 0.05M B L2 T 185 % L BEFHOMESH
Rlipofe., RFEFERME 0.1 M RMEEHIZ 16 % BTEOFHEET0.05 MK
BRI HART 3% BEIEEEroT-.

@ vx I HMAR

3 EOEPZIVHERTI e bS5 MVERRREYERBLE. 2O0RE%:
Table 3-5. IZ/RL7. HBLESEBOLYZ I VAFOFTIETM-2 BEEHD
ML ERERL 1083 % 7207, B5 BIT 8P A F CRUIBLSHERITE
NEN 6.0,4.3% &7, TM—2LAFITLERTE -7,

(5) zoOFEHEILEY

EEIVAFORICEEND SBOFEILEDITONT, I HICHMICHE
RBEEZRELE. ZOBOBEL L TVy—V¥EYDan=—BREZE
AL, RREMEEOREZ L.

A b= VORBRTIE, 0,5 3552 mM ETOBREECTRMNLE. £0
%R % Table 3-6. ITRLE. 41 /Y P—AEEERNEHTIE, an=—FH
REIX 7T BHTHo=DIZHL, 056 mM OBRMTEOLFIIREMIZHMEL,
65D 42 BLi2ofz. 35.52 mM DEEDA /) ¥V F—A2ELEHOaz=
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Fig. 3-7. Effects of osmolality on initial cell division in protoplast
culture of Japanese bunching onion. The rate of initial cell division
was investigated 10 days after incubation; n=3. Different letters
indicate significant differences at 5% level by Duncan's multiple
range test.

_.48__



— — N N

o (4] o ol

| L] L) L]
o

Rate of initial cell division (%)

ol

0 0.1 0.2 0.3 04 Glu(M)
sugar concentration

Fig. 3-8. Effect of sucrose (Suc.), glucose (Glu.) and mixtures of the two
on initial cell division in protoplast culture of Japanese bunching onion.
The rates of initial cell division were investigated 10 days after incubation.
The osmolality of each medium was adjusted to 0.61 osmol * kg'! with
mannitol. Mean values from three independent experiments of petri dishes
are shown. Different letters indicate significant differences at the 5 %
level by Duncan’s multiple range test.
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Fig. 3-9. Effects of fructose on initial cell division in protoplast
culture of Japanese bunching onion. The rate of initial cell division
was investigated 10 days after incubation; n=4. The osmolality of
each medium was adjusted to 0.61 osmol - kg'! with mannitol.
Different letters indicate significant differences at 5

% level by Duncan's multiple range test.
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Table 3-5. Effect of three vitamin-types on initial cell
division in protoplast culture of Japanese

bunching onion.

Cell division rate ¥ £ Standard

Vitamin type deviation (%)
B5 6.0 + 3.2 b=
T™M-2 10.3 + 1.7 a
8P 4.3 4+ 1.8 b

z B5;Gamborg et al.(1968),TM-2;Shahin
(1985),8P; Kao et al. (1975).

¥ The cell division was evaluated by counting the
number of dividing cells among the 200 — 300 viable
cells 10 days after incubation; n=5.

¥ Different letters indicate significant
differences at the 5 % level by Duncan’s multiple

range test.



Table 3 - 6. Effects of inositol in protoplast culture
medium on cell colony formation in Japanese bunching
onion.

Tnositol No.of cell
concentration colonies formed 2
mM)
0 70 a
056 20 d
299 153 b
8.88 193 b
25.53 187 b
35.52 337 ¢

Z Cell colonies in 6 cm culture dish were investigated 43
days after culture. Different letters in the column
represent significant differences by Duncan’s multiple
range test at 5 % level (n=3).



—BEE Y, 33.7ME& 0.56 mM DR ERIZRWV THEMIC 2 0 =—FRE»R
Shrotz. 2.22, 8.88 BIT 25.52mM = u=—EaKIL, FhZh 15.3,
19.3 BEIWR 13.7 BT 0.56 mM OFEMEDELSUT LD R2 o1,
TRAarErBORRBRIITM2IZEEN 2 0.0028mM IZMx7T,0,1,2, B
O A mMMO4KEOREZRMLTITo7. F0ER%Z Table 3-7. IZRL
7o. RBRORTRIIEMLUEZBEL L. TRXa L ErBERNOBEIE, 8.0
BOan=—FRETHoT-DIZHL, TRAIAE VB 1ImM 2HMT35Z ¢
Ko Tap=o—BREIIREICHEML, 22.7 BLiofz. 2 mM BMNT
ITERMERAZDO T0EE Rol-. TRaAEVB4mM Z2HMTALao=
—DHRRITRD bz o Tz,
MBEOBILEZFILETAZELZENZ LT, BXtERAOH5 X714 OFM
PRELE. BTRBRIFASICITM-2IC8 N5 0.0057 mM OV AT 1
EIXMxT, 0,1,2,4, BEUPSmMOBELZHFNML CREBET-72. TOK
£ % Table 3-8. TR LT, iR L FARICRBREORRIIBMLUZBE L L.
VRATA VERMOBEIEZa e =—HRIIRBO RN ->7-. 1mM B EDH
Mcan=—FRAEEIN, 1,2, BET 4 mM T7EHiTZEOzz=—FR
BTholz. SmMBECan=—FREEIERERY, 11LTHE R .

3-2-4. T DM DEEE S

(1) BESRHE

HEEXITIZE? 16 BREREATTORBER T S XA M nbDan=—
FREIZE 2 DEEBIZOWTRERE2IToz. TDER% Table 3-9. IT/RL7=.
BHETOERETIT 128 Aoau=—RBEBRENT-DIIR L, 840, 1,540,
2,8701ux EBEFPEIRDLan=—FREITIENER 6.3,4.7, BLT0.3
BEHEEFIZIETLE.

(2) F—RMEROFMEHE

O hT5XR MOREBRZRETIZLEZERNE LT, 7T—XBROEK
MEzBRFLEZ. RBiIX3cem ¥ — LVITTF—XHBRERMOM, 2,5, 10 BIT



Table 3-7. Effects of ascorbic acid in protoplast culture
medium on cell colony formation in Japanese bunching
onion.

Ascorbic acid
concentration 2 NO: of cell
(mM) colonies formed ¥
0 8.0 b
1 22.7 a
2 7.0 b
4 0.0 ¢

z 0.0028 mM ascorbic acid in TM-2 vitamins was not
accounted.

¥ Cell colonies in 6 cm culture dish were investigated 40
days after culture. Different letters in the column
represent significant differences by Duncan’s multiple
range test at 5 % level (n=4).



Table 3-8. Effects of cysteine in protoplast culture medium on cell
colony formation in Japanese bunching onion.

congef:aﬁn , No.of cell
(mM) colonies formed

0 0.0 a

1 7.7 b

2 73 b

4 6.7 b

8 11.7 c

z (0.0057 mM cysteine which supplemented in TM-2 vitamins was
not accounted.

¥ Cell colonies in 6 cm culture dish were investigated 34 days after
culture. Different letters in the column represent significant
differences by Duncan’s multiple range test at 5 % level (n=3).



Table 3—9. Effects of illuminance on cell colony formation

in Japanese bunching onion.
Iluminance 2 No.of cell
(hux) colonies formed ¥
0 12.3 b
840 6.3 a
1,540 4.7 b
2,870 0.3 ¢

z Cool white fluorescent lamps (National F1A40SS « EX-N/37)
were used.
¥ Cell colonies in 6 cm culture dish were investigated 34
days after culture. Different letters in the column
represent significant differences by Duncan’s multiple
range test at 5 % level (n=4).



20 EOBEMBTRELITo72. TOFER%E Table 3-10. IZ/ R L7z, F— R
MERMLZVWEEICIT 11.0% OFHMERSHEEL 2o, 2,5,10, BX
T 20 EOF—A@EEZEFMT S5 L, MHERIEFTZTLEH 7.3,4.3,383
BIW 21% LETLE. BERECLVAROBEEZIToLKER, BN+ 57
—AMREN L NEE, ERESHEEZBI LZOREZELT AHBOEEN
BT,

LRORBRERND, T—RAEROEBRMEBML2REOEHMOBEED
WBERELL. ZOKEL Fig. 3-10. IR L. F—RHBERMOIEH
KBWTIX, BHoBEERXERMICER LE. —F, F—XHERZENLE
BELBHOBBEEIERNICES LR, 4 BUBRIZERMIERTI10% 2L
EELSHEB L. 528 10 B BOBHOBEREX, F— AHRERM L BN
BAETENETR 0.78,0.90 osmol - kg™t & 72 o 7.

BE 10 BEO/NVa—ABEZRELEER, F—AMBERMEHFMNT
FNEH 0.33,0.38M &, HEBLEONCHEMLLZ 0.20M O 1.5 ZLLEIZERL
o, TRAMBREMOFREDO LEENRE P T,

3-2-5. XX 7u b FTRXA MERINVANLOEMETAE

T IR NHERINVZAPOOEYEBEEAZRE L. FOUETRELE
HHEDERIN AP OEDEEEEHEZERE L, SHHlFov s EFREC
WT, 0.10,0.15,0.20,0.25 BL T 0.30 M D 5 K¥ETY = — FERREHE
L7z, ZO#R% Table 3-11 ZRL7Z. 015 M OV aEBRERCERLE
1I5EOANAFDOT @ (46.7 %) TV a— FBEEL, BEOY =2— MER
L L2 o7- (Fig. 3-11. A) . $\\ T 0.20 M KT 15 DI/ A 6 18 (40.0 %),
0.15M X T 15@F 58 (83.3%) » 5 =— FHE4A L7 (Fig. 3-11.A4). 0.25
MULDYaEREXTIE 0% UTOBERL LY, FIZHICHBLTED
RITE»o T,

BoNfzya— MIINVADLEVEEL TEMERERSGA 24X RUVEH#IC
BET L, 1 7BBCEY2—FEE»LEL ORBIEE S L =(Fig.
3-11.B). —HOEPETEFTORE, EHFOR L, RBRBREOFELR



Table 3-10. Effects of nurse cell clumps on cell division in

Japanese bunching onion.
No.of nurse cell Cell division ¥
clumps added = (%)
0 110 a
2 7.3 ab
5 43 be
10 33 ¢
20 21 ¢
z  Cell clumps with 1.5 — 2.0 mm in diameter were added in
the protoplast culture dish.

7 Cell division was investigated 10 days after culture.
Different letters in the column represent significant
differences by Duncan’s multiple range test at 5 % level
(@=3).
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Fig. 3-10. Osmolality change in protoplast culture medium
incorporated with or without nurse cell clumps. Initial
osmolality of medium was set up at 0.60 osmol*kg™ 1. Each
point represents the mean value from three replications.
Vertical bar indicates standard deviation.
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Table 3-11. Effects of sucrose concentration on plant
regeneration from protoplast-derived callus in Japanese

bunching onion.
Sucrose No.of calli No.of calli Regeneration
concentration inoculated # with shoots” frequency
M A ® (B/A, %)
0.10 15 5 33.3
0.15 15 7 46.7
0.20 15 6 40.0
0.25 15 4 26.7
0.30 15 2 13.3

z (Calli, more than 2 mm in diameter, were transferred on
plant regeneration medium.
¥ Calli with shoots were counted after a two-month culture.



Fig. 3-11. Plant regeneration from protoplast-derived calli of
Japanese bunching onion. (A) Development of shoots from
protoplast-derived calli, (B) Whole plant recovery, (C) Accli-
matized plant in a greenhouse.
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Do, BRBATHBNICREREGELZ T I ABENONA—IF2TF 1 b
EREALLAy MIBHEL, SBEZR-> TRLLZ. £ORER, EFEICET
T5Z LR s h(Fig. 8-11. O).

Bafi & B

Cocking (1960)IZAM FFHEZHEE L TEAT—FE2HMEL, ThE b= b
DORGEIZLEZ L TF e N7 R M2 EELEL. Z0R, £< OEDEOER
Ho7a NI RX NBPEEEINTY, RENRESRZFTLONZDIL, BHO
(1968) BHEOEREAVTREO Y NI RA M RHEBELEZ LIS,

Tu bR MNIBELERTOEMRETHY, ThHEERMEHIAVS Z
CIC X o TERBMBLVNVOBIATRIRET, MBRLAVTORIZ Y —=7
PEATAILNTES. ¥, HBRESRYBIATVSEDIZ, Fu kT
A2 MIEHREICELY R<HELCHBREE T LY, BEEBREFTLI®
DFEHMBENICRVAD I EBHLNATHLD, TREFALEFLWEYERE
EOWEEL TR SN (RE, 1979).

FXBEDIIIZ OEEREGREENTNE I &M D, FTRF, R¥,
== REDEXFBEDIZBNTUL, WHERLS o b7 X FOEBEL B
RIZETHIHMENEDONTZ. LIrL, 7a b I X b OEBEEERD
BESINEZDIZ 1990 ERICA-THLTHo7z. ZThDLDEHFIDHRA > |k
ITEACTHBRSE L TV SERCHRA» ABEERORW 2 NPT+ 2
BT LLEEZONDS. T 725, U —*% (Buiteveld and
Creemers-Molenaar, 1994) & # <X ¥ (Hansen et al.,, 1995) TIIBEZE
MREAS, = =7 (Ayabeetal., 1995) TIREREERENLEFNOTS 0 N TFZ
A NEHETHIEODOMEIE LTHAWDORZ. ERIZ, REFBHED TIXERR
JUVEFHEEIPOREBEINZT 0 b7 X MO OEYEBEROREITEE
Thy, BEEENRIOEE L7 N SR F2ANWTOLEDEOEA
RBEB I TWS (Vasil and Vasil, 1992).

Z I TAHRETE, METHEILEXXTOBREEEMRZMEE LT e v
SAMEHEEL, BEEOHSATu N TIR N ERLEDEBLEROBERE L H



L. XXO7a b TR MNEBEHRODIZE LT, Wanget al.(1986) @
W IZHE > T MS #3#1 (Murashige and Skoog, 1962) ZHEA U723, kY
RAERSEITBEEINEP o7, o T, XX 1 M TR MNIFBEREHIAR
SOBBLEBREOESBFICOVWTHEMIIRN T 22 L.

AXBEEBMR>OEFENIC e VIR MR EET I EDICIIBEES
BREELEZONEZOT, BREFO~= A BEIZOVWTRMLE. 7
277X MIEBLICEOLABEEMEE2EERTSL 06 M O = F—VRE
DEY LIS, Tbb, RELE~v=F—LVBEOETIL 5X108
8- 1gFW™ 1 IEL BT HACEZR T2 VIR MRERELNLEZDT,
FDA BAICL3FEHZEEHR L (Fig. 3-1). o NI XA MIE
BKRELTEY, MREORERIIBEINRP 2 TLIENLRED T T
FAMEEZ N (Fig. 3-2. A). HREZEZL2WIa F I X NBAYE
H2ERIZHE, BELHMLOBEENRRD NS, v NI X NORROTE
DITITELBREBRRARTH D Z b, FERELEBFICOVTRELE.
120X g U T CHIBAHEIT 18 % U EBEREN. TOFTH 60X g TIX
EBLICHESHRBLHICENP2EDT, 60X gDEBETTE b FXI7 R ER
HWFHZehEY LHBrsNT.

I bR MERBICELTE, BHEHESEELEXLNO THEHRESY
WDOWTHMARBRA %247 - 7~. Dunstan and Shoot (1977) IZZ <X FD AN
2Z2HR LT, B5EBRK S (Gamborget al., 1968) #EA L LTEER IV
DABRSOBEE/EZRY BDS #H#ZHELE. ZOMAKEST, &b
XX N FTRAMHEREREEREBRE L. u b X7 X MERIC L
> TiIIBDS RIEDERMTE 45 ICH LS L HMROEROR LABD L.
#Z T BDS EREMHROF TEBRHKEIIEFINS KNO3 EIZOVWTE
BLERN LER, 5mM PEYLEZ O (Fig. 3-3.). WEEA A &2 —
BIZLTHY DAL A VBEDKELZEZ THRAFEREZFE LR THE,
07235 10 mM OHEETHRIEENE 5 mMBPEBE TRV I &5 b (Fig.
3-4), 7u b FTRALOREZIIHTSH KNOs OFRIIHES AV BEICER
TBHELEZ LN, Feller (1993) 2= =7 D7 u b 75X MEBIZBEATR
BERNOTIA L, TV UV REDETILEHDERIZE T, HMISE?HE



EINDEHBELE. XBRRT, MBA AV 2ERAFVICERLZLEYE
BEHIZHRML T e h IR MERERP LR, MBS A 2E80Ei L
ERT3FEUED aa =—FEPBREIN = (Table 3-4.). KRR TIIT VA
BIOTITVVOERBEERLENP-2EDOT, IR0 NS5 MOREE
FPHETIERTHDZ LIINETE o7, Feller ORFHEEZBEMICX
FI58RE o7,

fEk, o b7 I7R MERICETIRRCIEDERAGACERILED 2
FOBEAICELIRBREEL 25050, HRVREL 7o b 7T X Mext
LCIRESERIEEETAI L LHUETHA ). PREHBRF T2 b TTR
FEBIZBOWTIE, ThO0ESEEOBELLER-FER, Yv b ST X b
MBERELTan=—~ORENZELTHEE I (Fig. 3-5.A BLUB).

HEYERRGHORBRTIZ, 2 tM D 24D & 02 £4212 1.0 tM D
BAP 2 # AL ¥ B8 IHMIRSHENE I - 7. Karim and Adachi (1997) X
FwRXXOT0 b SIRMeRBLE L THEDEEFATHORREZITY, 4.5 u
M 2,4D, 44 uM BAP 8L 5.4 uM NAA OFNBRETHDHZ L &8
HELTCW3. HLOEDARRGHORMBEICLS, ARBRERITHENIC
ERETHD. HOHIIHEDBEEEIRILTVARNI LD, RRBRECHEYA
ERASHOEAPEYEEE IR L THEER L Ro LEBEINS.

u bR MERIZELTE, SHOBZEEOEEMIEETHSZ LN
BHEIh T3 (Smithetal 1984). L2 L, XE¥BHEWOa F TS5 X Mg
BIZBWT, BHOBRZEEITD & LV ERCHFEREEARICET HRIIED
T, #oT, FRETIE, BEHOBBEDCHEELEMD L L bIT, #F
BEREHERERE T L L L. BEHFOLaBRESZELZTRREToL
MR, VaEBELLT 040 £7/213 045 M THHMBRSBERRENP -T2
(Fig. 3-7). ZOBETORZBEIZZENEN 0.54, 0.63 osmol - kg™! TdHo
oo TOEEMNSXFTu b7 T X MEETIX 0.6 osmol - kg™! B DBEE
BEYLEZONE. FXOEEPIIVaE, TRUE, RELILLEE
EREEENTWS (KF - &K, 1955) Zihb, Va7 FUBOBE
BIZoWTRE L. TOHER, ThETLMREED 0.2M 2E80E#TI19 %
DRSS TR L 720, o o FEMBRMO 2 L LD ENED b /- (Fig. 3-8.).



aElT7 FUEX 02ME LT, EEBEICOVWTHLREEMAZ. Tk
£, 0.06M OEMTHEWARENE LN (Fig. 3-9.). L EOHEERE»L, *¥
7u b TT R MNERDOT-DOERERIT, Ve, TRYERBIVCRERZENT
0202 BET0.05MELT3Z¢08FY LHBahTE.

wIZ, B IVHERIZOVWTHRHFNLE. b~ b7 u b5 X MEETHE
Ehiz TM-2 B 2 BOEZ IVHEREL Y B HHREBEBREFEL, ¥ b7
FAMZBLTW/ (Table 3-5.). XXBHEHOT 0 b7 5 X MERTIE 8P
WMFEOEE I VERFHEENRTWAD (Buiteveld and Creemers-Molenaar,
1994; Hansen et al., 1995; Ayabe et al., 1995), KRB TIIREDSHHEHRTH
o7z, TM-2 &FI2i3 16 BOFBILEWREENTEY, LORGERFS
O RS RAMNOBEBIZEYNTHLINIAOLONIZTAHZLIXITERM -T2, Z &
RECTCTM-203 8N THEIZ PR E RS, TM—2 LFHITiX 4600
mg 1"l LEBBOL )V F—ABAEFINTNSE., Z0OA /)Y b—NAEFENRN
XXT7a N IR MR L THRETHEINE I DERIET DD, 41/ b—
NVEBEORBREZERLEZ. TORR, 100 mg-1"1OHRMTIa b7FF R bk
boav=—FREBERERZY, TM—284FDOA /) b—AFBE I RN &
R ENT (Table 3—86.).

AXTn IR NOERBFICHRABE L TEOREENELTHZ N1
FELIEIBEENTDOT, BREAZFETHTRaANEVERBREVATA L OFM
PRELE. TRar Bz 1mM ORMTHENEBD R, —F, VX
TAE1ImM U ETHERDY,8 mM TEREDSREERL /2o 7-(Table 3-7.
BL W Table 3-8.). L2»L, YRFA VR TI T VORIBHETHDZ &N
Mo TEY (Lancaster et al., 1988), ZEOHFEIMITEEIT A& LHEEN
oT, ZEAETIE 1ImM OFRNABEL L EZ N,

PEDXSIZ, XF¥ 7 hT SR MEROTZDH DI OV THEMICRTNE
Mz, HHIFOEEL L TCEERIOND 18 BOLEHOBEEILEZR - T,
E LB HikERR % Table 3-12. IZRVD £ & D7,

BN OEL OERFECOVTRELEHER, X¥OTF2 b 7RO
REICH LU TRBRARIRALET, BRETOEERE TCaoc=—FERERLE N
(Table 3-9). & oI, XX VIR NORZEZRET D7D, T— X



MOWMHREZFAELL. TOHER, F—AHBOERMENRZVEEYan=—
FEREIZEECED L, HAOPREEERSRED bz(Table 3-10.). ZDJK
HeE L TIBEREEE» O T —AMRES SV L EVEDEZE L2 MREDOH
ERBNI L0, BEEOLFICERTZ LEEShT. T TRRNIZE
BEOCELZEH Lz, TOREE, T—AMBROBMIE Y BEEENEEZIC L
BETHZERHALNERSTE. Fh, T—RHAREZBMLEZVWREE THLEEE
T EHL, 10 B BICIXESEESEEELIV Y 0.20smol kg 1 BEDO EAEZRLZ
(Fig. 3-10.). —f%lZ, 7u P 7I X FOBRICBEL T, BER 1BHEDLE
VIZH LWEHZRMNT 5 Z EBXBERHIITOhA TS, ZRREBELT, B
BEOEAZEMTAILENEZORWUTHIZLEPALNER-TZ. BEED
BRI, BBEARIVLT FUBRBENPE R TNHI &b, afER
HMIBOPATMAIBINTT RUBLRENETLIHBRTHAO LEEESH
3. ZOFEMBRORBR T, 7 FUEERRMOEH THRSRER LG
SRR LIOIEEXEFEL TS,

7 TR NPORELEau—F VA RBEHICBE L T 2 BER
BLEINVZAEZHERALT, HOEBEEZRN L. SIECTHEL LEEHROFO
VaBEREIZOVWTRREIToLER, VaBERELLTX 015 MABAEHT
(Table 3-11.), ABE T TRAEEOINANDL Y 2 — NOFBRBBEREIN
7= (Fig. 3-11. A). IAZAnb Y =— b ERMLEKRLT, EWAERFEGH %
EERVEHICBETZ L, Va— FEEHOERBBE® b (Fig. 3-11. B).
REBRERZATEDIITS ABENTEREZRFLRBOIELREZITo . Bk
LEEEALOBEEKIIBENTAETTAZLNARETH o= (Fig. 3-11. C).
PEDESIT, RETRERXAF 7 M52 Mhb0EDBASBELT, %
DG ITHFE IR Sy, ERFE, BLUEDEOBAEICOWTHLMIZ
THZENRTEE, FRRTHELLERBEBEIBDTRELLESBRT, IV
ABEN L HE LBRBMBEEELZITY, Yu b5 R MNERB I CHEDEEA
KOWTHERIVELEZER, BREAEPERINRLTWS. #-T, AEERIT
HEBABICZ L bRl —ya VI X 3N RBEEFORAREOHER
BOEDOEHRFEREZRETILOEEZLND.



Table 3-12. Proposed medium composition for protoplast culture of Japanese bunching

onion.
Constituents Concentrations
Inorganic Salts »
KNO; 506 mgll (5.0 mM)
NH4NOs 320 4.0 7 )
NH4H>PO4 230 20 7 )
NH4C I 108 2.0 7 )
NaH:PO, - 2H:0 172 @xr» )
CaCl: -2H:0 450 8.0 1)
MgC1 - 6H:0 203 1.0 7 )
FeSOy4 + TH20 27.9 .10 7)
Naz2 EDTA 37.3 (0.10 »)
MnSO4 < 4H20 13.2 (0.045 1)
HsBO, 3.0 (0.0497)
ZnS0; + TH:0 2.0 (7.0 uM
CuSO0y4 - 5H:20 0. 039 (0.1 »n)
KI 0.75 4.5 7 )
CoC1: - 6H20 0. 025 0.117)
NaMoOs - 2H:0 0.25 1.0 » )
Sugars and Sugar Alcohols
Sucrose 34.25 gl ©.10M)
Glucose 18.00 .10 M)
Fructose 4.50 (0.025 M)
Mannitol 40.80 0.22M)
Vitamins v
Nicotinic acid 2.50 mg/l
Thiamine hydrochloride | 10.0
Pyridoxine hydrochloride | 1.0
Folic acid 0. 50
Biotin 0.05
Calcium pantothenate 0.05
Choline chloride 0.10
Glycine 0. 50
Casamino acids * 150.0
Cysteine 175.6
Malic aeid 10.0
Ascorbic acids 176. 1
Adenine sulfate 40.0
Glutamine 100.0
Inositol 100.0
Riboflavin 0.25
Growth Regulators
2,4D 0.44 mg/l (2.0 t M
BAP 0.23 » a0 »n )
Others
MES (pH buffer) » 4.27¢gl (20 mM)
pH 5.8

Note) z:modified BDS medium(Dunstan and Short,1977)
7 modified TM-2 formula (Shahin, 1985)
x: acid-hydrolyzed casein (DIFCO)
#: 2-morpholinoethanesulfonic acid




HAH W B

AIE TR LR XEEEEMREERAL, Y2 N7 X PR EEE - Bl
HIEODOHEGEERFE L. EbIL, XXOTu MST R MNERROMEL%: B
BLT, e b XIS X MERBICHFEREHRS, BRI EYGEOTAE
WCOWTRHNLE. BoNEBRIUTOLBY THS.

(1) EBREFO~-=br—/VBEX 060 M PEYT, A&EHTT 9.6X108
@-1g FW 'o7a b SR MERELN, Tt Lef v ZEBRE
(FDAIZ X AHEMIZ 95 % ¢RF LI~V BEOF TEREEZT L.
7 bR NOER - BREOEDOBRLOBESREIT 60X g PBEE ThHo 7.

(2) BDS £E#i#E¥ (Dunstan and Short, 1977) 2&# L LTS v 7FF
A POBBICHBERREFEERELE. MBIV VLAOBEIX 5 mM B3EH
Tholz. EMAERFABYEL LT, 2uMD 24D L 02FELIT1uMORY
AT TovoMBHEbERERSEEZREE L. HHOREEIT 0.60
osmol - kg-! BIEPBEL7. 02 M O afEL 02/ va—REHLELED
L, MRSEPAE L. BRORERRELTIE, Y38, TFUEBLT
BERELLTENRENR 02,02,005M OFMAEYL LEX N, X3
1 TM-2 4475 (Shahin, 1985) BEE TH 5, 4 /¥ b—BREIT 100
mg ll LLTRIANEVEBBIVVRATAS VZ2FFR 1 mM OFEMNT 5
ZENRBEYUTHoTE.

B) XX7u bFI7RMOFERZBIIHLT, REEEHIERTIZ LN
BHohtiol., BEEZERIIZLICL2 T b IR Mmoo —n
EHEFEL, BE 45 BRICEIZL D/ INVABEBINT:.

@) ZNEDNINREIANATERIEHICBEL, 92 mm K KEZELE
7a bR MERINVAZRNT, WEMS B ETHEMEOFEZR -7,
MR BEAEEHTOL a BREL LTI, 015 M BEYTH-o%E. AEHT
THB0% DANANPDY 22— FOBRBIBOHONTEZ. ThbDy=—EE
VRN EEEERVEHIIBEL THEBEZELE. V7RABRENIIBHELE
SEHEIEEICEET L.



BIVE XFLIXFLOoBEXMRBBE RHE

AETHE, XFLITIFLOKMBEREOCHELZEEL T, =X
HTHEEOH I EXMRBEEHFZHALLILICT .

B1Eg MEBIUFE
4-1-1. FXBIVFXFDOS e b ST R FOBEE

2 ¥ (Allium fistulosum LYOHEREEIT "ZBHEMS5E L L, #i
ETELLEFEIRLY, RESEME2G7a b 77 X P2 EBEL
e, —F, <X F(A.cepaL)OHERSEEIZ ‘&<’ &L, ¥=
¥ 2% ZHRMLU7- MS $2# (Murashige and Skoog,1962) LIZEEHE
BL, W2 BEEOHNHEVOEE»L T NS5 A NEEBELE. %
TRXX T NS TRAVERREETAOEOOEBREARBIUCEROERH
BRFXFOBEERKRELEDS, BRESTO~=F—VEEIZ 0.60M I
FELL.

4-1-2. BEXHHEBREOLDOMBRBRAK

HMEBAECEEOHMREBBRZALII T IED, BEERAGA L
LT~=hkr— 067TM ZHRMLDPH 5.8 £ LAEEFXFHEKIZ,
2(N-morpholino) ethanesulfonic acid MES)DEHM & 5 mM Hino
2 KEZ, BNV T A 0,05,1.0,25 BLI® 5mM 0 5Kk%E%R
BMLEEGH I0BOoOMBEEEREZFARM L CHR L. ARBEEE R
B SSH-10, &F ¥ " —XFALMD FTC-04 2 AV . EXEH
X, RWEEAEK 1MHz, XEAMEE 40V, TEEAMERIT 1 5B
BREL, X—NFoA OFR (Zimmermann and Scheurich,1981)
FRLEZ. XXELRFSRFOTS 2 b T3 AP 1X105f -m1 !
DEE: LTHHRTHRABRIIEEBEL, I§Fxy o A "—RZH 2ml ZEA



L. XBEHMEOR— A F oA VERRRICOSOVWTHEEKE T CER
L, "=V FzAfA VERIHTIEBERBRODREZFEL .

4-1-3. BB %&HE

1) "“ARBRRE

NR=VF oA VEREOTu T ITXAMNRER2RET IS, BE
DNRVABRBEIZSO>WTERRALRZ. 1.0, 1.25, 1.50, 1.75 B X ¥ 2.0
EV-ecm™ 1O B KEEZRELEZ. I, MRBEBKRIEXAFAMKICS
mM MES £7-i3 0.5 mM H{EIALT T LAEMO2BEZHNWT, AE
PHBEBNLE. TOMOBEROEHFIZ, RWBESK 1 MHz, XHHE]
MMEE 80V, RFEHIMEER 20 #, BXURARBS0pfHE LT, <
NA2AZ2HEHIMLE. AFBIVCEF-RXXI 2 V59X VEIEERSE
L, 256X104f8 ml "t OMBEEEIC L. BEE£-ELDIIEHRESR
LA T e VA U EREBRZERET CHAEL, ~Ted IV F v
HREBE (~Ted VA UERE/ESHBEEK) 2BHLE. RRIE3E
RELE.

(2) ZHEAMERB LGV RIE

20, 40 BLXT 60BN D 3 KEOXRMEIMEMEZRELTCEEELZ R
MLz HREBRIEIMABROBER?L 0.5 mM OB IN YT LE
BEBREAL, BEERGHA L LT 067TM O~v=r—AZ2EML%E.
¥, "VABRAE 1. 5kV-cm™!, XHEEAEE 1 MHz, ZFHEM
BESOVIZENENLRELE. BMEF ¥ U N— X FTC-64 # A1z,
FEEIMRRLEHKLL, b RETRBE2fTo=. &bz, 50, 100
BIXT 150y BD 3 KED RSN RBIZOWTRHRREIT . FHHRE
RERFEMBEORRLEALKTHI N, RBRIIIKELE.

4-1-4. MREE

FEXEBIREZXEXF 2 b5 X MEEEBESL, 0.5, 1.0, 1.5 8



FT2.0X105f8 - m 1 1D4KBOHREELZRELEEREELZR
Lz HEBREBRIELAFHKIZ 0.5mM BEIAL T U AERML
EHEEERVWE. £k, BELAHRNMRBRTEOLAEEBEMETERL
. BMELER, XESHRELBCHREEZERETTHAIL, £
MlEFOENRZTLOBEMBOFELZEH L. RRIT 4 BIRE T

- 7z

B2l K R
4-2-1. AXBIVOFRXEX S 2 v TPTRA MDA F = VR

FXEEREI-XXF I b IR b EMBLELT, BRAEBERICE
BN NF A VEROEOOHBBEREARERFT L. XFTRIR
INVITLBERBEVWEER—ANLF o/ OFRAPBD b (Fig.
4-1.), ANV T LAERMOBMRBBE CZTOERN R GIREINZ.
1.OmMB ETERZOBRIIBOONRP>%. 5 mM ® MES &M
TEHEZERISTEOERIPEESIIERIBDODOLN, 2.5 mM DO F
NV ABEILBWTHL AN A F oA UBEERENLE. MESTHENOA
BIZEDLLT, 5 mM ULEDOIA S T ABETRAA—AF =4 VidF
RERh o, Z=XX 7 b 77X PLRAKT, INVVTLBE
BEWIEER—NVF A VOFERPEEINLTZ. XFLEKIZ 2.5 mM
UEDODINTYLBEBRRMEND L, "=V FzA VRS IE
o 7= (Table 4-1.).

4-2-2. XNVZABRBERB X O BB EER
LFEOEENL,0O.mMMOI N YT LABED B WNIT5mM ® MES
WMEEHRL, 1.0~20kV - cm ! DB TCHRAARERRE S KESLZH

EFEL, ~TudhVFryroREEEZRELE. FOER, AU A
BMEEBEVWEEES, 3.1~82%D~Tuh VAL ERERELNT.



Fig. 4-1. Micrographs of pearl chain formation by

the application of AC field in protoplasts of Japanese
bunching onion. A: Before application of AC field,

B: After application of AC field (1MHz -40 V for 1 min).
Bottom shade in the figure shows an electrode of fusion
chamber. Horizontal bar indicates 50 um.
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Table 4—1. [Effects of calcium ion and MES 7 on pearl-chain
formation 7 in protoplasts of Japanese bunching onion and bulb onion.

Calcium Japanese bunching onion Bulb onion
mn‘éent’al D“"“ Without MES With MES With MES
0 ¥ n ¥
05 + + +
10 - + +
25 - + _

50 _ _ —

z  2(N-morpholino)ethanesulfonic acid ; 5 mM.

¥ Degree of pearl-chain formation: + highly formed, =; slightly formed,
—; not formed. Pearl-chain formation was investigated after
application of 40V -1 MHz AC field for 1 min.



—7, MES BmME T, 0 ~1.7T% LAIFICHNTEORREIIADL
NIZERoT., "NAABERBEIZODWTHDE, FOBEIFEWVIZE
~ATeAYVFUHERBEEVS, 1.5kV-em 1 ETIiE 8%EI# & K
ERBRIPo. RAVABROHNIBIZIEBREBRELZIT-HER,
1.78kVeem 1 U FO RV RERE2 525 L, F-FFTa b 77X b
OHBEENRELL, 20kV - cm 1 THRHFIZEETH 7= (Table 4-2.).

4-2-3. XHAIMERB I TV RE

BESHHBRBEDT-DOFOMD 2BOBRNRATFAZ—IZ2VTH
HL7. THEEMERIZIOWTIE, 20, 40 BLX T 60 OB EZRE
Liz. ZORRE, ~Tuh VA UBREIT, 40P THERERY 6.0%
DA~NTFaHVFUHBRREER T, 60 TRZEULOZERENTE
BEah, ~Tud IV FUrEBREIT4.0%ELAET L7 (Table 4-3.).

— k5, "AVRABREZTOERENZEIEANT eI IFUVEREIEL,
50u BONRNVAIBTHKRE 5.7% & 72 -7 (Table 4-4.). BWKET T
BELEFER, 100 BIC 1500 OV RBEZRAVWD L, XFB X
CERXEXFT7a b 77 RAVOBERBEET, 150 BBV TRFICH
HITBH7Tuau bl TRINBENo .

4-2-4. BB E

AFXLEXXF T NI RAIEERERAELT, 0.5, 1.0, 1.5 8 &
C2.0X105M ml T 1OMRBREELZREL, RBEMKE, ~T a2 F
v, REAVFIVBLICZEUL LOBMAMBRER/EL = (Fig.4-2.).

WIREEZ 0.5, 1.0, 1.5 BLT2.0X105 -ml™ 1 L33 L, L
BEHRBEIZNANTH 9.8, 20.1, 244 BLUV272% Lt @MEEIAmEL
7. L2L, ~Tuaob VA UVERBIZOWVWTHSE, 1.5X105 @ - ml
TIOMBREEOBAICRBME 7T1% &2 o7, 2.0X105M - m1™1TiX
CLAETLTSH8% R . 72, HREEXNELIRBD L, ZEL



Table 4-2. Effects of pulse field strength and types of fusion solution
on heterokaryon formation between Japanese bunching onion and
bulb onion protoplasts =

Pulse field Type of fusion solution”
f‘g’/’fmh With calcium With MES
1.00 3.1a 0.0 a
1.25 6.3b 1.70
1.50 7.9b 1.6b
1.75 8.1b 0.4 a
2.00 8.2b —x

z Percent of heterokaryons out of total protoplasts. Data indicate
mean values from three replications. Different letters in the
identical column indicate significant differences at the 5 % level
by Duncan’s multiple range test.

¥ Calcium; 0.5 mM, MES; 5 mM.

z not tested.

Table 4-3. Effects of initial AC field time on heterokaryon
formation between Japanese bunching onion and bulb onion

_protoplasts <.
Initial AC field time~= Heterokaryon formation »
(sec) (%)
20 34
40 6.0
60 4.0

z Tnitial AC field; 80 V—1 MHz.

¥ Percent of heterokaryons out of total protoplasts. Data
indicate mean values from three replications. Different letters
in the column indicate significant differences at the 5 % level
by Duncan’s multiple range test.



Table 4—4.  Effects of pulse width on heterokaryon
formation between Japanese bunching onion and bulb onion

==“pro'coplasts Z
Pulse width = Heterokaryon formation »
(usec) %)
50 5. 7 b
100 5. 3 b
150 2. 7 a

z Pulse field strength was applied at 1.5 kV/cm.

7 Percent of heterokaryons out of total protoplasts. Data indicate mean
values from three replications. Different letters in the column indicate
significant differences at the 5 % level by Duncan’s multiple range test.
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Fig. 4-2. Effects of protoplast density on fusion formation
between Japanese bunching onion and bulb onion. Protoplast
fusion was conducted by use of Shimadzu somatic hybridizer
SSH-10 and fusion chamber FTC-64. Parameters of electrofusion:
AC field, 1 MHz, 80 v * cml, 20 sec; DC field, 1.5kV - cm’,

50 wsec pulse width; two pulse treatments at a 10 sec interval.
Data were mean values from four replications.
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LtOBMEMBIBERFIZHE AR LE. T2bb,0.5X105F -ml"1DHE,
CTEUEOBEEIT 2.1% TH BN, 1.0, 1.5 BX T 2.0X105{F + ml
TITHE, TN 8.3, 133 BLV 14.4% ¢ ZDEEI B ol
=5, ~"T A VFUEREIT 4.0~T.0% BRI L-HREER CIX
KENR o7,

B3 E E

Yo7 b5 A MIEKABICLYVYBETHZ L Senda et
al.(197TNIT L > THRENTLUR, EXMEBMESOEREMOBEREIE
» b7 (Zimmermann and Scheurich,1981). EXMRE S S B
S B LAiix, PEG (Kao and Michayluk, 1974) 72 F D{LERALHE .
KE->THERAEXTLL, — HBORBTIAETHHAIRL TV 3.
L»L, PEG HHMBEEZIIX L THEHEFEHN THY (Belarmino et
al.,1996), 222, TOWMVFEVNEHEETH DI b, XF¥ L F<X
FLOGMBEBLZEHITIEOEZ-> TRESHEERAICLBZ L E
Liz.

AXLETXXFOMRBEOHL LT, —RIXXTBEHEDOHEH
BCHETIHREITIBRD TH R, H—, Buiteveld et al.(1998)I2 X »
T)—FLIFXLOBHREBEIRESINLTVIRTERY., &
BIZ, HEHLDOHMEBESIIPEGIZIL 2 TITFbRTEY, XXX L LY
AXBRHEDOEIHAMRBESORRFA IR Y. 22T, XF¥FLFXF
CORMBEEREOERZENL LT, BEREIDVBELAESHRAH
EEMOERILEZRF LE. XX LIXFLOEELESHAES
GEHEEZHLIRXTHEDIC, XXPTEEEZEHEREEEOBEED 71 b
TIORAMNRHEEL, —FOFAXIEFEKOEREEZET S o
FIRMNERMBATB IELEELE. ZOZEIZTEST, XFFXLFTX
FLOBEHBE (~T vl )AFY), XLV EFI~~IXFERLOBE
Mg (FEHZVFV) ZHBMNL, BRELTDIZERTEE.

HMEBEZ, SAFBERICL>» T b PSR NBEKBT5EE,



MERLERAMELTN—AF oA BRERINLIBE, SHZ—BED
FHREBRCLIVEELE o b S AMRATABETLOIHRED 3 B
BEETCRYLTS (FH-+JI, 1989). HRBEEHETHRITIICD
7o T, 7, HIRBBEL A—NVF=zA VOFBREEICE T AR
ok, MEEBBROERIE, WROBFIZADLINLDIE LIV
v 7 AL (Nea et al.,1987; B @E - +JIl, 1989)ORE L p H ZRE/LA &
LTHEAENS MES 24 4by RN LE. BAEERZHML T
RN F oA VORRERETIEDOHRBEBERL LTIX, Iy
VDADOREZIEREEDOO~0.mMOBHIBE ThHo. INVI T A
BEMXN25mM UETE, e b 75 2AMNOKBIZIZEAERESN
BRirol., HRBBRFTOA T VERENBEWVWE e b7 I X PP EK
ETHOWEERBETL, TORBE, KkBHABETLEEZEZXDOND
(Zimmermann and Scheurich, 1981). —JF, MES o &Mz I v
TABER 1~25mMOEBHET TR, S— A FoA Vv BREEDTD
ST, BNV LERNDDWVIZ 0.5 M BEMNMOEZHET TR, =0
DRITAGATIT P27, _
MBEOBEEIFHEECILIVFTESL, ESRMEEBEGIIBVLTEAN
NABRBENRVEERARATFAZ-LENDZ b (FE--+II,
1989), ALHIZ OV THMIZRHLE. £, gTRBRIC3 EHE T2
NS RAMNEOBEEZITOBBIZEBVW Y, HEBBEEARIZIONWT
SR THZELELE. Z0RE, EXHERAMEOED OMRE
BEELTIZO-mM DEALINVTAERIBEY T, MESORMIZT &
STANTuAI VAV OERERBET T LA\ LMoz,
ABEBRBEWZOVTHE, 15kV-ecm 1Y ETATFu b Y U BRER
8%HIH% & KREMN 2N o7~ (Table4-2.). ¥7-, 1.75kV-cem 1L ET
IEHERT I b TS5 RMEELBEINRDI I LD, GFERAALR
BRELTIZ, 150kVe-cm 13 FHEEZ LN
FOMOEREHELLT, Yu bl TR MBEKBLTRA—ALF =4
VAR ENDIEDORXRTEIMERAZRMNLE. 6 0B TR SEUL LD
MBERORBY, "AVRERZFHMTZLZEULOBMESHENIEL



BRol., oT~ATu I VT BEREEREBETTLSI LB RSN, 40
BrEE LIz (Table 4-3.). &5z, AV AEE LTI, 50
&£ 100 uBTATEH YA UEREFBIX 5%UELEEP-T. 150 B
TREHETLZ 7o b 75X MPBEEBICZENI &L, NALAERRWD
CREMBEA~ADEA—TVNRRKENWEEZLONL. ZEEOEATIZ, M
RBEERBLAA—TVOLR VW50 BrEE LHFIAL.
DEOHMBEBRAKRKBIVERBMEODHFELHZEEZAT, ZTHLET
KCEERNRBIRRENRTVWAP EFHBEBEERZSOVWTRA LE. M
REENELSRDIZLENST, 2REBEEOMELLE. Z0HR
BELLTZEDEOZERECERLTCWE., AT VA28
BT H2EDICE15X10°F mlI"1OBERBEHT, T EO~T
Bh YA UHREBLE R o (Fig.4-2.). U—F L XXX LD PEG LK
LAHBEBMSIZIBWVTIE, ¥ 2% 0@ EE (Buiteveld et al.,1998) 28
BEINTVWRZLICHKEBETIE, BODTERLEZOLND. #EX,
HMEBACBLTHREECOREIRBRHBICERE IR TV AR, ¥R
BIIBWTHREENICEN LEBEEEZRET S LA TE 2.
UED XS, XFLIFXFLOERMRBE2ITORDDOER
CRDAMAPELN, TROLEHEELEDIZIEICL-THEELD D,
B0, PHROEZHAEBEELEILLEDLOLEZIONE. FIEOXX
T b PSRN0 OEDEBERICRE Y, XX LEFXFLOME
MIERERBTDHIILIZEST, RHREBEOETRLERFAELEZD
ha.

B4 W =

AETE, XFLIRXFLOGHMREBOBEBLEREL T, =X
HTEREDHIEXHRBRBEEZHFTODVWTHRHFLE. MEREBRD
MR, BEBMAOEDONRI A —, BIUCHREEDEEROKHE
PHADLEEERET, ThWH0EELEELTHLMNILE. BN
FHRRIUTOLEBYTHD.



(1) BBEEEMERROBEOXF I o b5 XN LEKEEZEF T

PEFHFEOFXXIa b IR M EAVT, HERSRRZ

Tof. TORE, BEABELE~TE IV AL OHBINTE L

2ot

(2) EXHREBEOLDOMRBEKRL LTI 0.5 mM DE/D
N LBBPBEE Tho -

(3) EX@MaeLtL LT, "VAERBEIITZ150kV - cm™ 1, Xk
EIMBERIIL 408, TN RBE S0uBBRENAENEELE X
bz

4 ~T eIV F 2B ETDHIEHE15X10°E  mlm 1o
NTSRMNEENEYET, ZOFHFETT%UED~ATFOR YAV
BRI,




BVE XFLIXXOEKHMBREBEOTR

FNETRXXOTa TS5 XA Mo 0EYEBEREEIL, &b
KRS ENETIE, XF¥LI-XF LB RERMERSELH
LT L.

AETR, FIEBICENETELLAEFERICRY, XFLE~<
FXLOBMREBORELRN TS, ARIC, EFEFRFECERLE
DNABWEMZERBALT, Boh - HREBEDOEBICHIERE
T AOBEERLNPCTS.

BL1E MBBITTE
5-11. HREBRIVEOS R FFT R FORE

FRREEZRBRE CER -BFHREINE “AMXX RORKET, ¥F
ERE wBEMNS5E’ (Allium fistulosum L., 2n=2x=16) B X &
AmfE BEo@aM’ (A fistulosum L., 2n=2x=16) ZHW7k&. —F
PRRERL LT, MBEBEHEERR (CMS) EFeF ¥ XX (A
cepa L., 2n=2x=16)fMfE ‘¥ %<’ (EWH DL, 1985) ZHWV7k. XF¥
BLUOE~-XFX¥O7u b 75X MIFEMETRERSL L-RESEREMER
LERELL.

5-1-2. AXOMKBEE OFREHE

XX 2 HBOMBEOAEHEMAT, THEEO e P57 X M4
P|EDI—F7TEF7IF (I0A) LEBZTV, BEERIOARE?.
BRELE. ZTOLBEREIZ, 0,25,5,10 R 20 mM & L. ¥
FTa b SRR EELLEE, 063 M v=}F—/, CPW E#E

(Frearson et al., 1973) BX T 5 mM MES #& %4 pH % 5.8 IZ7
ELEENENRORE® IOA RIZXF¥F7u b 75X b2 BKEL, 4 C,



1500 EE2To. RBEZRET L2 bS53 ME, Fur b
FAPMEEEHT20 X105 -m1 'OMBEEFELL, 0 2.5ml
P6cm BOBE S I RAF 4 v 7V —VICEALERZ2fTo. 45
BEOEBOR, BREhzan=—K*HWRBRTHA L, I0A BEMR
OmMOau=—FREZABLLT, ZhEFhO IOARELEZIT
STHRENcao=—FBRECESERLZEH L.

5-1-3. BRER@BAEEH

FvRXRXBITRIOALBE T XX 0 bV 5 RAMIERENE
3.0X10°5 f -ml "1 DHBRBE LRI LIOCHRBEKIBR L. A
A KEIIEIVECTHEISYLEZ 0.5 mM IV 7628 071 M
<= bF—N¥K (pH5.8) 2AVE. XX LF~-XFXFDODTa bhFF X}
BEBEZ1 : 1LOLETREAL, £T0O 08 ml 2E&F ¥ v /N —
FTC-64 (BE) CEALLE. ZThZHMIRMAEERE SSH-10 (BE) I«
EELTERARELERZT k. EXBAFHRENVNETESL LM
BEZEIT 2 TKROLEBYVELE. +22bb, XEAKEHK 1 MHz, X
HOIHEIMEE 80 V, ZXFMAHEHIMER 40 B, "4 X1 50 p #,
NAVRBRBEE 1.5kV-cm!, X 2RKREMEE 80V, A ZXHIM
B 10 &, HIMAAAREHK 2B OELRMEL L.

5-14. MAEMRBOEEBIUVEYEOEA

7o b7 RAMREETVEERT 20 SEBEBELEE, BEF ¥~
N—ERCEBELEZBELE e 75X b2ERL, BRICHEHLE.
MALEEITo 70 F 77X POz, I0A LEBLICELE DX
¥7u b7FF5RbE, F-RXFTo b XS5 bRBELTEEERST
o, BBIFENETESLLEFEICH] .

B3 45 BRIBIC, BMELB 2 Ton7u b 5 A MEEDar=—
EAONAEREBIIBEL, SO 2 BMEERHELEZ. ILVAE



R ET2mm LEREZLEINVRIFESLE#HEEABLLE
5 bRy 7R (Iwaki) CEBELTEDEOBEALA 2K 7. 2 7 A
MdH0idslEH 2 ry AMoBERECHRSI ALY 2 — M3, EOAE
ERESAEEET RV 1/2N-MS ## (FIE) TBEL THEBEDOR
EERELE.

5-1-5. MR EGCZERHEN

BELEEZToTELNE 12 BEOENB LT ZORMEHITO
T, TOEF2MELLTHANEZ DNAZEERORELZTTo72. S
Bix7a—¥% 4 b A—%— PA-type (PARTEC) 2#F| B L, 8 x — &
— D=2 T VIS THEORRMEZ L. £/, BERESFFTETE
NEER 2EEIZOVWT, ZOoRGHROREEHEEEZRELE. £0
FHEZFE (1995) OFECE =, BREORFAKRMEZ 24 BE»
HABSRHICEE L. REBFRIFRSER MO SHBEU LITHO>WWTH
ELE.

5-1-6. EREBIUVE: DNA O

2¥F HEBEMSE BLXT ‘BEVEM, FwxF ‘FxiE,
BIVCINOLZRAELAEBLTELNL-EYE 16 HEE2H{HRAL T, £
BB X UK DNADOEFTKRH L.

BHAMEOES 0.1g 5, ISOPLANT (=v R ¥P—Vr) 8
WT DNA ZHIH L72%, RNase LBBIC LY RNAZBRELE. 28t b
DDNAH U TNE, LTOEZGEBI UK DNADOEFT O D OHR
ELTHWE.

ERFE DNA O EH X, Yamashita 5 (1998) 0B EFICEHEFOEELM
A TiTok. £F, ¥& 4 DNA © rbcL-ORF106 I (% 3.2 kb) %
HWETATSTSA~—%2HAVWTPCR %21T-o7. PCRKR/:IZ, % DNA
130ng, 75 4 = — 36pmol, MgCl2:1.5 mM, dNTPs 0.1 mM, LA 7aqg



DNA polymerase(TaKaRa)1.25 unit, 8 & U LA Tag DNA polymerase
"Ny 77 —%28t 50pl OREETITo. KibEHix, 92CT
SORMEOFHEEEZITY, 92CT1 oM, 65CT1 4R, X 70C
TA47HORIEE 0 A 7N 7o, T0CTTREOERKBREZIT
o> 7. HIEE®H % Quantum Prep PCR Kleen Spin Columns
(BIO-RAD) TH®I UM%, Alul, Asel, Hinfl, Pstl, 8L T
Tagl (=B v—r) THELE. 2hbE, 20% THa2—X 5
W (Agarcse X, = v R —V) ZAVTERKEZITV, =FP0
A7 FTHRELLE, HBRERICL2ELENF—V2EBEN
#%#8E (FMBIOIN) THEL .

¥ DNA O#E#H i PCR-RFLP B X R RAPD BIC L »TEREL =.
PCR—RFLP #1iX, Buiteveld 5(1998)0 B EICETFOEEEZ ML TIT
o7, ¥£9, VARV —A- DNA @ Internal transcribed spacer region
(ITS |3, % 0.7 kb) ZHEET D774 ~—2HWVT PCR £1T»
7z. PCR RKJxix, 8% DNA 100ng, 75 4 ¥ — 50pmol, dNTPs 0.4
mM, KOD Dash DNA polymerase (TOYOBO) 1 unit, 3 X O KOD
Dash DNA polymerase &mRfI Ny 7 7 — 2 5L 50ul DX EE TH - 2.
RIic&HiIE, 4CT1HoBOTFHEEEEZITTY, 94CT14E, 50CT
150, BETT2CT2HRMORIEE 35 ¥4 7 VviTo e, 72CT
50MOERBRE2To7-. HIEE®H% Quantum Prep PCR Kleen
Spin Columns (BIO-RAD ##8l) THRBR L7 %, Ddel (NEW
ENGLAND Biolabs #:8) TH#H{ELEZ. Thd %2 20% 77— 5
W (Agarose X, =y R V—V) ZAVWTERKEBZITV, =FP v
A7u<wA4 FTRELLZE, HREBERCLLIELAAZ -V 2EBEN
#E (FMBIOID) THEZEL .

5-1-7. X b2 FY 7 DNA OEH

PHFrr7oy MEIZEBI M= FYU 7 DNAOEWTEZT- 7. R
MBIV ABERNTERLAEXY "%BREMSE 2#E&, <X



¥ ‘H&1E’ 2f@FE, BEIQRIhbo7 v b5 RMN@ESZEfTo T
ok ‘KS-1" &Lk, 2 ZThoEDES 30g 28
B Y, Dneasy Plant Maxi Kit (Quiagen) 12X YV £ DNA Z#H L 7=.
FOFBERFA—I—Dv=aT VI,

ZHFD DNA10 png ZHIBEFE EcoRI TREHIAELEZR, Th
bi7=x/)—N 70 FRNVATLEL, LEE2F /—NLEEBLT
BB L. R2WEkLEZY /L DNA%R 1% T —XF A T30V T
18 EEMkEI# L, A1 ur A7V (Hibond N+, 7<= 3 % AN A F
T AFa—bTuy T v TEBERAVWTCIS VAT 7y — LT,
TuvTF 4 T EBIIANEEEARAF2—L R T 40 cmH20 T
BBl LAaRb 025 MHCIZ2 /A NV EICEE, 45K v Lz, A
kB L2 b5 MK (0.5 M NaOH, 1.5MNaCl ) T4 HEE#EL,
EHiz, FFEK (1 M Tris* HCl, 2 M NaCl , pH 5.0) T4 o ¥
L. Z0%, 20XSSC THAEBY 1REARIILEFT VAT 7 —
L. PV R77—KTH#, 80CTI1I0oHERzYE, UVT7Z7 a2 X
U7 (50 mdoule/794cm2 ) E¥EZ. A XDI by FITIIHR
B 72 # S F cox1 (Cytochrome oxidase subunit [)Z2&HI/a—1 0
BAWMAROAX% PCRCHIELZE. HIBELZ DNAMAZXEIWKBE RS
N bHEI D H LT Prep-A-Gene DNA Purification Matrix(BIO RAD)
FRAVTER L. BEER~v=oa T VIR, BB L7 DNAWA
¥ AlkPhosDirect(7 v~ ¥ ANA AT 7)EHANVT, v =27 VLS
TRV T L. "AT7VEAL¥—3 3 ik, AlkPhosDirect(7 =
XY BANALFTI)VERY, A—F—Dv=a T AIZENVERL Z.

E2 ® B
5-2-1. XAXOMBEE DFRE AL

XX bR NOMBEEZEARERL T I LICL-2T, ¥
Fv XX LOBMEMBEBRNIIEEZESEI DO IOALBREZR



Bl 20#E% Fig. 5-1.ic " L 7%,

HHRLE 2 RBOTe b5 X MNORISICHENBEES N, 2.5
mM O IOABETIEZ, "HEHEMNBEE IHRBOH6%Daa=—%
BEETh-oTeniZHL, ‘BEYAM BRIV LV 106% &%
27.5mM DIOARETIE, MAEL L OMED 34U T LEE
WIETL, 1I0mMUETRIZLEAEaE=—DFEREIBDLNAE 1o
7. e bS5 R b0 ao=—FREZEICEHLETAEZDDO I0A
BEX %ZBEAEAME BLI® BEEoEMN TERY, #hFh 10,
20 mM Th o7z,

522 AL F2XELDTU P TFR MR LT DOEE

22X ‘HBEMNSFE LFTXF HEIEFEST BLTRX ‘Bl
BN LF=x¥ ‘FE2E  OBDO2BOEEGHLET, A T8E D
T TSR NEERBREIT o, B, IOCAALBBICELBED
XX P TFIZR M EFTRXRETB P T TR MoV TYH, MELL
TERE2T- 2.

ZDFER % Table 5-1. KR LE. ‘HBEM S E 2HAVWEEET
%, I0A LB ZTLRVEI Yy — 1LV HDEY 69.2 BOoan=—3F
BRENTZ.10mM D ICALBEZT > Lav=—FRITBEEIL R
. 2B0ERBREfT -0 b X7 X MBI, ¥ 6.1 o=
Do —-REZEL, §F 249 Bozuv=—>0Fohi.

—F, ‘BEoEMN 0BG, IOALBZITbRVETYYy—1L %Y
500 EU Lo =—2FREaH, EERz o= —FREOHAIZR
TAETH-oTm. IOALEBZIToa bS5 AMI, 1I0EOEERR
BPIZ 1Boan=—0REXRDLNE. ‘BLEoEM TR, 37T H
ODRERBRTEY 4.7 @Boav=—2ERIN, &5 168 oo
=—B%Bbhi (Fig. 5-2.)

LTROBRBRLEITFTLT, F~RXX S0 b TR NOERET72E
R, 21F0EBREBZ*E L Cau=—0FRIIEETH- =,
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Fig. 5-1. Effects of iodoacetamide (IOA) on colony formation from
protoplasts in Japanese bunching onion cv. ‘Kairyo-hakushu
5 Gow’ and ‘Hayadori-hakushu’. Colonies in 6 cm dish were
scored after 45 days of culture. The data were expressed as
percentages over the control (100 % at IOA 0 mM); each
point reprsents relative mean value of colony numbers from
three replicates.
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Fig. 5-2. Photographs of colony development from protoplast
fusion between Japanese bunching onion cv. 'Kairyou-hakushu
5 Gou' and bulb nion cv. 'Sekihoku'. (A) Colony development
from fusion profucts after a month culture, scale bar expresses
200 um. (B) Colony formation after 45 days culture; (a) in the
figure shows control protoplast culture of Japanese bunching
onion, (b) IOA-treated protoplast culture of Japanese bunching
onion, (c) culture of protoplast fusion between IOA-treated
Japanese bunching onion and bulb onion. (d) control protoplast
culture of bulb onion.



5-2-8. INVATRBIUVHEBEKEOEA

‘BMEMNBE L HEIEFELT O N TR MEAE TIX 249 @
Dap=—H», FO ‘BELXopEH & “F&EIE TiET 168D =
n=—BERLENREDODNE. ZhbiE5E 2EBOEET, £hE
196 & 129D 2mm KU EDINAANERBELE., INVAEE
SGACEHMIIBHE LR, XEBEAMS5F OFETIX 19 EE& (9.7 %)
DANADPE, —FK, ‘BEOEAM T 14 B (10.9%) OFZ R
LEWENEBELE Lz (Table 5-2., Fig.5-3.).

UED X5z, 7u b 75 A MHMERRTEE 33 EEOEDN 4
rABOBSIERBFIIESEINEY, WEROEEXEIIH 1 E0%RE
HE CHSEEIRTE T, T2bb, ZERARRE, EHFORLU
N, BIUCAEFTEERLEDODBEAOFEIBRESINL. TOFTHERER
EEEZRL, o, BEAREBRITBOOLNAL HS-8 L KS-1D 2 EE
X, YJREBEERCREBELER Yy PTORENRFAETH -2,

HS-8 BN RXFTOENLEUT IR, TOELZKEICTRL
EWEITIEEETHY, AXOHEDIVWEIFIXXTO=ZABLIEE
2o 7 (Fig. 5-4.). — F D KS-1ix, *xXBOHBOEF 2 F T 5,
HTHIZIZIH4dem BORBOFRPEEINT-.

5-2-4. MRBEFENEN

BMEBLESILEYE 1I2BEICIOVWT, 7Ju—H% 4 FAFZ—T LY
EDNAEORWZITo. ZOSoER%L Fig. 5-5. B XV Fig. 5-6.
WARLE., X XORPRKHEATAEY -7 28O 50 OBERCRET S
E, F<XF¥iIT 50—60 DETERHMOE—7 (F1v—7) BRES
nie. ¥ "HEEM B S LF¥-xF ‘&1’ LtodEdbE%
# 5 & (Fig. 5-5), KS6 BIX T KS-7TiX 50 BIZE 1 —7 "B H
Ehi. 7L, KS-7T 3E 2FBoor—7 (E2vr—7) 1Y
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Fig. 5-3. Photographs of plant regeneration from fusant calli
between Japanese bunching onion cv. 'Kairyou-hakushu 5 Gou'
and bulb onion cv. 'Sekihoku'. (A) Development of shoots from
fusant calli, (B) Whole plant regeneration.
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B

Fig. 5-4. Morphology of regenerated plants from protoplast fusion
between Japanese bunching onion and bulb onion. (A) Acclima-
tised plants in a greenhouse, (B) Leaf blade of regenarated plant
and itsfusion parents; (a) indicates bulb onion cv. 'Sekihoku', (b)
regenarated plant HS-8, (c¢) Japanese bunching onion cv.
'Hayadori-hakushu'.
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Fig. 5-5. Flow-cytometric analysis of nuclear DNA content in
regenerant plants derived from protoplast fusion between Japanese
bunching onion cv.'Kairyou-hakushu 5 Gou' and bulb onion

cv. 'Sekihoku'. KS1, 4,5, 6, and 7 indicate regenerant plant lines.
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Fig. 5-6. Flow-cytometric analysis of nuclear DNA content in regenerant plants .
derived from protoplast fusion between Japanese bunching onion cv.'Hayadori-
hakushu' and bulb onion cv. 'Sekihoku'. HS-1,2, 3,4, 5, 6, 7, and 8 indicate

regenerant plant lines.
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— 7 X0 bErol. KSA4 X T5RIBICE1IY—73HELEZ. KS-1
BIXOKSH5EMI00FTRICEIE—BdHoT.

INODORENL, 2FERXE2 2C ¢XBEBT B L, KS-61% 2C,
KS-7 1% 2C+4C, KS-4 X 3C, KS-1 B8X W KS5 X 4C &, £h
FHBRELEIN 3B (Table 5-3).

HEORXF ‘BEVHEMN LI -FF ‘®EIE L0odEELET
¥, HS-1, HS-3, HS-4, HS-5, HS-6, BL U HS-7TiX 50 RigiIcHE
1 ¥—708RRHEENE. ZFL, 2hbod T HS-1, HS-3, BLX T
HS-6 D SEGFIIFE1LE2OY— 7 ERIELAERPok. HS2 B
LFUHS-8D 2@EIT I00FBIE 1LY -/ HHINE. RIELHE
BIXX oK% 2C 45 L, HS-4, HS-5 B X HS-7 i 2C,
HS-1, HS-3 B L ' HS-6 ® 3 @& X 2C+4C, HS-2 B X HS-8 » 2
BEXZ4C EEnEFNREREIN D (Table 5-3.).

KT, KS-1BIXUHS8D 2BHFEICH>VWT, REKEEZHEL .
FORR, BokEDO KS-1 BXHS-8 D 2 BEEEE L LIC,
2n=32 XOFEEEZHF L Tk (Fig. 5-7.).

5-2-5. % DNA OB

Buiteveld et al. (1998)D F R EFOEEEZMA T, MEBHLBL
LD 16 BEOK DNADOEF ZfTo. #HALAEZTXTOBMERR
LOCBSIEEDIIBWT, PRI 0.7kbp © ITS BHE P HIE X
Niw., Bif0OBREICHK > T Ddel THUIMILZ#ER% Fig. 5-8. IZ/RL
2. BEBHEORXRXF LI TRF L TAUVFOHEERBOONE., T42b
H, FFD ITS @KL Ddel THIH I oDzt L, F<XF
DENITEWHEINTHK 200 500bp D 2EKD DNAKAR LR, B
SieEEDOF T, KS-1 B X HS-8 ®» 2 FEEIZH 200, 500 B X Tt 700
bp ® 3ED DNABABZBHEIN. o 14 BHEIZT T 700 bp ©
HABERBRHEIN, RFOEFENER—Tbhbo.



Table 5-3. In vitro growth and flow cytometric analysis of plants derived
from protoplast fusion between Japanese bunching onion and bulb

onion
Cultiv In vz‘troz Flow . Note
regeneraed plants gowth” _ cylometric
Leaf Root analysis
Kairyou-Hakushu 5 Gou
KS-1 4 + 4C
KS-2 + - nt*
KS-3 - - nt died
KS-4 + + 3C
KS-5 =+ - 4C
KS-6 + — 2C
KS-7 + + 2C+4C
KS-8 + - nt vitrificated
'Hayadori-Hakushu T
HS-1 + - 2C+4C
HS-2 + =+ 4C
HS-3 + + 2C+4C
HS-4 - + 2C
HS-5 + + 2C
HS-6 + - 2C+4C
HS-7 + + 2C
HS-8 + + 4C

# Growth: + vigorous, = moderate, - depressed
7 DNA content is expressed as fluorescence intensity. C-value of Japanese

bunching onion is 2 C.
* not tested



Fig. 5-7. Metaphase plate of root tip cells from
fusant plant HS-8; 2 n=4 x= 32.
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5-2-6. FEwkik DNA OfEH

Yamashita et al.(1998) OHMEICETFTOEEZMXI T, BEELE
SALEBEEOERE DNA KHENICE LT 5 rbcL-ORF106 HIK
DB EIT o7, rbcL-ORF106 B 2 BT 57 M ~—ZHRML T
PCR:21To7H#HR, #R L AT R_RTCOV U IATFEEND 3.2 kbp
O DNABMADBPELONE . XX LEFXITNLOEIEEDE Alul , Ase
I, Hinfl, Pstl BX QR Tagl O 5 BOHBERZ2H VW THEILEZASN .
L. ZDRR, Tagql BV TOHRARTFLEITRITOHERE DO
. TRbbL, XFIH 900bp O DNAKABBRHEINE B, F<XR
XFTRIOMAFIIREENT, ¥ 800bp OUWTABXBRHEN. ZOHK
REEEZT, BoltEDEEOSTETo7. TOFERE Fig. 5-9.
KRLE., X¥ ‘HBAM BB’ LF-XX ‘&1z’ 0fdbY
T, KS-1HEOAREFRFXFFATT, O TEEEIRXZA T T
bol. —F, FF ‘BLofaMl’ tF¥<-xX ‘&3’ 0MED
¥ TiX, HS-1, HS-2 B X HS3 D SEHBIXIFZF XX FZAL T THY,
o sEEZIRXFZAL T THo 2.

5-2-7. T bar FU 7 DNA OfFEH

FHFT ey PVERIVES{LEDERE KS-1 0 bary FI TR
ONTHMZEIToR. TOFR%EZ Figh-10.IZR"LE. *¥ ‘%EAM
58’ TIXH 700 bp Tcoxl DAL T Y F A4 Xenigiiant. —
F, F<wRxF ‘FEE TEHN00bp Thotz. BES{LEDEED
BEIT, 450 & 700 bp D 2 AR FEBEENE.

FE3H & 2

BAEHMBROANRBROEOIIBETDIVATLABREBEINDI LI, #
DHEOBEHBOEECSH R EDYEOBEAERIBELIN, &b
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M K ¢ KS-1 KS-2 KS-3 KS-4 KS-5 KS—6 KS-7 KS-8 M

M FH ¢ HS-1 HS-2 HS-3 HS-4 HS-5 HS-6 HS-7 HS-8 M

Fig. 5-9. Restriction patterns of the Taq | - digested rbcL-
ORF 106 region of cpDNA in Allium fistulosum cv.

‘Kairyou-Hakushu 5 Gou’ (K) and ‘Hayadori-Hakushu’
(H), A. cepa cv. ‘Sekihoku’ (c), and regenerated plants.

KS and HS plants are shown in Table 3. M: DNA size markers
with a 100 to 1000 bp ladder and 1500 bp. The white arrows in
the figure indicate A. cepa specific bands.
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M Af1 Af2 Acl Ac2  KS-1
kbp

19.3—

6.2~

4.3—

3.5—

77—
ve

[ N

M

27—

Fig. 5-10. A profile of southern blot hybridization.
Total DNA was extracted from each plant and digested
with Eco R I . Mitochondria-specific DNA fragment,
cox 1 , was used as a probe.

Afl and Af2 : Japanese bunching onion

Acl and Ac2 : Bulb onion

KS-1: Fusant plant

M : DNA marker (A Sty 1)
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DTHEHREMREBOBENFTREL 2D, XETIX, ETHEAK
IOARIZRFTu 7T FORERCFHELZFBIRFT L. T4
bbb, XX 7o b 77X ME, FMNETELLEXF S u b7 Z
A PDEDOERPTREHE LR Y. - T, I0A TRELEXXY
ORI RPMNEEFTRF TR T TARAINEOBMELBEZITO> L, BFE
MBELETe b 7SR VEZoRBEERFEESL, ~T 2 WV A
VOLBPBREIZABBETEZ EFHFEINSD. Nehls (1978) IR
HESHELLTIOAKFHL, HHERBE LD WVITFENFERBE
CBWTEAZEMCHA L. ThiE, 2<oEHOMK T b
TIZRANTRELABEBRORE N 2ENTE. A3 07757 FTiX
SmM— 38 4 (Liu et al., 1996) » 2\ X 7TmM— 10 & [ (Sakai et al.,
1996), TV 7 7 V7 7 Tl 6 mM—10 45/, V—%TiE 47257 mM
—15 45 (Ando et al., 1997), b~ F TiX 10 mM~— 15 %47 & (Chen and
Adachi, 1998) OHEEFPBEINTWB. KETHL NI LEEHEIZ,
INbOBELABEEROF CEHERNICEL, ‘XBEHEM 5 8 T
10mM—15 4/, ‘B oM T20mM—-15408Tho/=. L L,
=PV TIE 15 oM EEREORES (Imamura et al., 1988) b H
BZEnb, —FAICE, ICAREZ e b XS R VORESELCEE
X, HBLITABICEET S (Iriawati et al., 1996) & & Hiz, KE
THLPRZLEIIKEBIZLRKE S KET 5 (Fig. 5-1.).

T b7 RAMNEERRN I ETHOBRE TR, RVzF L7
Ya—nNRBEIN T LRLEDELERREICLZIBEN T TV
2B, 1980 ERICR-TEKBEENERER I (FE L+, 1989).
FERIZBVWTE, 1HO0EBERBACETIREILTLES LED
TERNEATETL, BEOERTHEEREODOIBERELIELN, »D,
BERRVWI LI OBERBECERTESZLBEEESNEZ. TO
HE, ARV TREAH AT HOs o =—2BETE LR TE
. Bl D EBAERR TR, BMALBEHEOINVANLH 10%
DHEETHEDENEL Lz (Table 5-2., Fig.5-3.). L2 L AR L,
YHOBAEDII1 »EROEREFITEFTZEILET S I, b LIEK
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L. ¥/, ERFAE, £FOEBE, b30VIEEHFORALIhAR LY,
HRERHIIHFRLEBZODNL2Z< OHEKVEESLT. Z0X ) RERE
ERFHFDIVIEEIFABRBETCLIELEE@SE IR TS (Ando et
al., 1997; Chen and Adachi, 1998). AMETIX T OFEMRFMELE
KOWTRHF LB o), EAMNLZEEREELZENLTIEAND
TH5E, SROEELRFEHEELTESL.

Za—H% A FA—F - L LB ECEFNRELIToLER, oW
L7 15 EEOFSLED T, 4 BE (27%) ZXFXF D DNAEED 2
BERAELTRBY, 4BE0ED LHAB IR (Table 5-3.). &6,
KS-1 £ HS8 O 2HBEICODWTHRELELZAELEER, 32501
BEEBHELTWEZ D (Fig. 5-7.), Zhb 2@EEX XX L v X
XFLoHE2MHEE (2n=4x=82) ¢EZzxbhi. £, BolkEHD
48 (2C+4C L RFE) BE 1 RBILVCE 2RO —IJHFAETH
5200, 2HEE A BHEOKS /) 2xGbEFEOXFATHEGKLHE
E Iz,

BEORTEYDZEOERBIIBERELL, Z0HF TH DNA T EHRITHE
ETHD. AECIBVWTbHLIhbOHBEZERIZLT, Y2 ST X}
BEBHROBAEDERNR L LTES V  ABIUCHBRES /7 AOBFT
EiTo7. FFOHMBEZ I ~RXXOENELEBRT DI LIZL-T,
CMS ZME2EFRTHIIEBBKROENDO—2L LTHNENTLONS
Enb, MIRES ) LAOBBIZEBE LEREBLGI a2 FIT
T BIZOWTHMIZET L.

BT ACEESR r RNA ITS BB OBEFT TIX, Bo{kED 16 @
EOHT,2HE(KS-1BIUVHS8)RRXFLFTRXFOEE D rRNA
ITSEEEZHEAELTWE., T§2obb, b 2 @BEFERIRXFLETXX
COBEHRERBLEZODNE. IROHKRERENETERE» L, & 2
BET 4 EHEOEETHLIZLERNTRINTRY, ZThboBRE2E
bEEZZ L, F2EBRIRXFTLIXXOE2HEBELEELZOND.
Th, o 14BEOFIZSL, RAPDSHFICELVEEE ICRHE I W
FHRODNAWMASHEEBINAEZZ LS (WFETFTH, REXK), 148
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EORIZHLEHRERSLDITEELREEINS.

EJREICE ET D rbeL—ORF106 oo R » 5 (Fig. 5-9.), 4
Hrilcle &R D 4 @& (KS-1, HS-1, HS-2 & HS-3) ¥ ~<XX
ZATOREBZEEZERELTVWDIIERBELN LR o, LREOE DNA D
MITRERIZ, T 4 BEEIREBEOEFDDIVIEIRXZATOKS
JABHRERBRTHIILNL, IThOLHMERSEROEDEEZD
5. BEEWZ L2, HS-1,HS-2 L HS 3D 3fHAR XX F A 7D
BT )Ll XX EAAT70MBEEZ2E L-ZBELVZS. T
Bhb, MREBBRINEXFPERINEZILABITIRINDS.

Bk X 12, KS-1BAERXXF L IXXOBE2EBELEZL LN,
BIRXAXEATOEREEFTDIZEDRIRINEEREVWEETH D
DT, TrarRITT5208EBIZOVWTHF - Tay FEIREDY
4 Lie (Fig. 5-10.). ZORER, FEFRZAXAXOIFary FITH
BERRANAVEIFRBRHEINBEEDBIL, F-XFLEIEREDANET cox
ILENATIYIFEALA XL, ZOZ LI, P bR AL T
FeRRIParyFITH 7 A88HENEZEEZRLTNS.

UEDXSiZ, RETRERRXXLIAXFLOS e VTR EEE
TV, W O OBHBERIIVIIAREER I N XX 2HEET
HIEDRFREERoR. BRI, THOoDEZEZ, XFLIFIvRXF L
DUNMBEBLZ2VEIHREEELERNTH2HEDOS 2 VT 7 X b
EEWMIERIELEINEZLEERLTWS.

BONTVLIRBERIIVFEAEOXTEEETROLZDOREM L L
T, 2N, XX CMSEHROEFL LTOFARHEEINE. 20
DITE, ThooBELFLOBEEZFMT A L L b, BEIEERHA
STHNBEBLIVEFREOCHEENVLETHS. ZhblRSBOE
BELTEIRLTWS.

HafE B L2

EXRMRBESICLY, *F¥ (411ium fistulosuml., 2 n=2 x = 16)
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L RXE (4. cepal., 2 n=2 x=16) L OBEGEHIBERE L B
HLE.BEREHERIZILUTOLBY THS.

(1) XX b P52 b0 an=—FRE2EBETL-DOI
—RF7ERF7IF(I0A) BREIX, HEBAMSES & ‘BEDAM T
B2y, TN 10 BEI G 20mM Th - 7=.

(2) I0A MEBEZfTFToEXXTu b ISR M HBEELRZF-RVE
XX N TSRPEREL, ~T oA VA OLREROICEE
THRZOOHBBEELZHBE L. TORFKE, EX 4L HEITIZ417THE
Daa=—RBELI, TOHNDOKBO%BINVA~ERELE.

(3) 325 33 (10.1%) DINLANL Y2 — FDFEENRD
bz, ZTh o OBEOFIZIIFRHEZERTHOLDL -2, 2EEIIXYT
TABRETHEFTLE.

(4) HREBEENRBICDINABITEZIToHER, VZ7REBERNOHE
BREIFRXERLR IR XOERBELETHE_MEHECn=4x=32) O
RHREBECTHH L HALN LR, EbIC, a0 3 EEIZXRX
DET ) LLEZ<XXEROERGEZE L TV, |

(5) BHMHRERED | BAEOI VI FITH ) LEBIFLEER,
FORBOYF ) LrEELEEZONDIFLRIba v RITH ) ABHE
HIhhkZ EEXRHAMER- T2,
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BEVE & & £

FRERABHEE TCIEIELS POXXTOREIEALT, ‘“BAMHRF &
HRENDELNPSTERLVRFBEESNTETWD (FFE-EE,
1997). L» L, SCHOBESH —REFLLLELTHRO F, &%
DWBIZLE->T, BEHEOHZIEEED HMEAFX OAEIREBOM
MmERLTWS.

T TAHEEZ, BREOEXRD AMXX 2xmeL LT, &
REAEOR EBLIVCHREREEIAREREZER TS ILEEEL,
AFLEITRFLOKMREBOTRERFT L. XF¥FHRERED
FEROERLRI2AXFBENRER, “u 73X 2P0 0EYMERE
AR, DEHNREXBEERINETRIRERN 2o, - T, Z
NODEHTRZIIETI2E4«OKTORIEZRY, ERBIC—EDOE
WERELL, BRHUCRF IR LOGHREBOBEEET-
7z

FXBHOCBVWTHLELL o7 r VTR POBBLERICET
5% (Otsuki and Takebe, 1969; Bawa and Torrey, 1971; Schnabl,
1980; HMX 5, 1984; K - &0, 1984; Feller, 1993) BB HHITED
bhl. UL, TOBERMEOLZ e b YIS X MNERRICET HH
ZIX 1990 ERICA > TH»»H T, U —* (Buiteveld and
Creemers-Molenaar, 1994), # < X% (Hansen et al., 1995), =
=7 (Ayabe et al., 1995) DOERBRBHERVWTHEEI N, TOF
HboT, XRF¥OT7u b FS5XAMERRICBETOIHRILILENRTEY,
BEZEIETEOMREIERENL TR 2%, KFRETRRXOD
mEMREEEELL (BIE), *ogEMREMELLT, 2 b
TORATINOBBLEREFZGHERFTLE. TORRE, BEHEDOHD I
NIZRMIPODEDEBEREEIL T2 LB TEE (FIE). K
HATHEMLLEARIE, XXCHETIEIORDIALELOND.

I —BORWNOERIEBIFAEL o720, XXOREBEEM
s 7u bR MNEEREBELERL, T b5 XRMCE LR
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ZHE L7 AIZH 3. Dunstan and Short (1977) BEF v XF I VA D
BERBIZE L BDSHEH#HEsBIL, TORXXFEEDOEE - MRER
KBWTELHABENRBILE . ARFRIZBWVWT, ZTO0MREZEHE
ELTRF e b PSR MEEERZREL, ISBEORZTHOPVWTE
PRELEEY, X¥07/0 F 7R M ERCHE L BHERLT S
LB TET (Table 8-12.). BEZTOD & I 5, AEHMERA VD Z &
ko T, ‘HBEEMBEE O0XZbd ‘BEoEMN, “hE’, ‘HE
Lbd REOXRXFTu bl TR MNERVAEBTHDIILEBERIN
T3 (RER). 4%, FRERXXFREBRIL LI IVXXEEDZ NS
ELE7ue b TS RAMERBIIBVWT, FARZAMREEE T I O LE
Zbhd.

ok, Te bR MEBEREZFABLC, FEEEE, BEAGE
B, A PVAMEEEREOHRELRZROBEBRANTETHLD. X
7o, 7un b 7R MEBENESE, BRREREZFTRITH LI AL
nTW3 (BEiE, 1999). Shepard et al. (1980) %, V¥ HAED 1
mED ‘T b e R—=RYI’ CTFu N TXIPLOHEMEEREAE
REEYLL, 1 TESULEOEDELZER L. ZTHoZBEHF VL
TV A EERRE (JBIRHE ; Phytophthora infestans) DB E ®1T
2l A, 20 GEOERED /I n— BB, EHETEERR
HERol=M, 7o b XS RAMNLOBEAMEY ‘protoclone’ (Binding
and Reinert, 1986) ZF|H L, B4 OREOWMKRERELITWVWERK T
5Z¢I&koT, MEERBEZERTOIILIEIRKDLIBETHS.
FXBEYOEAREZETR O LD EH L Buiteveld et al.(1998)iC
FoTHRESINTEI —FLE-RXXLOBERBERETHD. b2V —
FRLITAXOREBALLZEATDIZILZENL LT, BEOKM
MR 142 HEFEZHETVD. FFRRCBNTE, FFRITEXFDI
CREREEETFENE TS I L E, XXOHMBEEER2X~XXDEN
CERLEXXFELEOBEEZEN L LT, EXVR I VTR MR
BREIVXIFLEIKXLOBMBERILIEREINLE (BFVEB LT
BVE), IhoD—EDOHEIL, XX EBEPHIZIB VT Buiteveld et al.
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CRSEERRRLEADND. XX¥OGHMBREBOREEL VW IER
TRMOTDORRELEZLOND.

BEDLIABRIDELIEROFHRBREBOFTRIIEELIND

(B4, 1998). BEMITIE, EREARDIEEHAOREBHEOBRENE
Y, BEMALEHEOHERELEEHIZ, BERAFLARIRDIZ LR
Mo TWD (BH, 1992; &4, 1998). TOLDITEFIHHT
O FFSRMNEEAELIVLERBF I u VTR INREBRAZLONTED,
—FDET ) AERFERHLELLEFEIELATVWS (BH, 1994). &
EOHET, BEREVWILEZXFXFOMREN I -XXFOELNICERS
iz 38 & (HS-1,HS-2,8 XV HS-3) BELNATWNEN, XFXFOM
REZMOXXBEEYDOENLEBRTHILEDICE, #XHBH 2 v 75
AMBEORNBEENDS. TRbb, F-RXXRLEDOTu b TFTR
MiZ X# (Feher et al., 1992; Sakai and Imamura, 1993; Kisaka and
Kameya, 1994), H o ~<# (Kao et al., 1992; Schoenmaker et al.,
1994), & B\ XK HR (Hall et al., 1992a, 1992b) R EOHKFK %
BRELTIESF ) 20— BHLIVEIRESZHRBELEE, HREZARE
HHULEXF T IR MNeRBETEHIFETHS. Fig6-1 IR L&
X2, HNHBHBEERCLT P R2HEEMADZZ LITL > THESKS
o hTTSRINBREMNATEL AR D, Yamashitaet al.(1999) 1, EL XK
ML o TRXOMBE L Allium galanthum Kar. et Kir. OF R & B
BITDHILIZEoT, MREBEESRAREIMOFTRICEILTNS. 3
BT PSR MPBERIVENRETONMREBERZTEICTLF
BThd. £, BAxOHMRETCERLERZRRIT, BLHEREOERT
HERBTTA21D0RKOIMAEEZRHET I LIRDLHFIND

(B4, 1998).

HE, PTFEDENFECLLIBTEROCOERIDIELL, XX
BHE®DIZB W TS RAPD (Havey et al., 1996; Al-Zahin et al., 1997) ,
RFLP (Harvey et al., 1996; KiKetal., 1997; Sato,1998; Yamashita et
al., 1998; Harvey and Leite, 1999, Yamashita et al., 2000;
Yamashita et al., 2001) , ¥ ¥ > 7 o v b (Havey, 1995; Buiteveld
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Sterilization of seeds
(Japanese bunching onion)

v

Callus induction

v

Cellus spension culture

v

Protoplast isolation by
enzyme treatment

\

Cytoplasm inactivation
by IOA treatment

Symmetric protoplast
fusion

Sterilization of seeds
(Bulb onion)

Callus induction

Cellus spension culture

Protoplast solation by
cnzyme treatment

Nuclear genome inactiva-

tion by UV treatment

Asymmetric protoplast
fusion

N\ rd

Culture of fusion cell

\

Colony formation

v

Callus deveropment

v

Plant regeneration

Fig. 6-1. A scheme for deveroping somatic hybrids or cybrids between

Japanese bunching onion and bulb onion.
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et al., 1998), GISH (Buiteveld et al., 1998) R YO FENRER I L
TW3. EFEICBNTH, TNOLD0HAEB3EZL L TPCREZRY
AN, BBHEDOBEFET o (BEVE) 205 T, FHMREEED I
Fa v RUTHF ) 5B LEHER, BREVWILIEFFLITRE
DIParyFITEETFEEDLDEFEBERIEONE. Z0Z LT,
EREOBHBRLLBIZIPI2 VY RFITOREOHELEZFLTERY,
‘MIEEER CEELRTRRR2E5EZ2Z2b0THS. RRKOBFERDE
WIZEY J AICRELTWVWEZEND, BHEHERESY V AOMEEEH
PHEOCEDERBICER (KT, 1994) T30k, %I HITR
HTDCETHFELVLD.
EHRETCHBEONTZEMBREBO—HIZ, VF7ABERIIBWTAEFE
LTBY, SHEDOBEDOALRDLT, SVHEENE., WREHMER
RERCBELODEERFBEOCRBALFMIFAETIILALETH S
B, FXOFRLBOTCHEFRREMERELEDOLEZOND. B
BRETEEINDIGHODD BAMNEXF IRFEBOHEMERL TS,
AL, WMEESLH-—RETIERINDIEH HBEAMEXF OFRI
HEETH LD ELHMBENSD.
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moxX W OE

XX (Allium fistulosum L. ,2 n=2x=16) OFELHERIZCBET S
“EHNERE BRERRIEBVWTERBRIZIVERINCREEROMTE
ThHd. L»LARBS, Pucciniaalli IZEE T3 IVHEITR L THERRME
ThY, b, EABKIC Lo TERSINERBETHDI I L1LAETF
ODFREF—HRBEBELLTEEINTWVS. BIEOIWHRIZOVTIHIVHE
BHEEBRFOEANEZEND Y, XXRBEOFTIIREN LI AS5ER
BEFIETRODoTWRW., —F, ¥F<v3XX (Alliumcepal..,2 n=2x=
16) ABIIH L THEHERETHLI2ILBAHIATVD I 2D
(Jennings et al., 1990), XF LA RXXF L OGBHBEERLZER TSI Z
CIE - TEBIZEBEREOCEBTFOEARNNELEZILND. BEDOM
BEACHOWTHMHREBEBRICIVERShIEETREKEZFAMABLZ
FIRBEOBEZENEH TH D (Yamashita et al., 1999). iEFEEN O D
HbOVWIEIHBRERBCETFOEAZIKMBEREOETRICL - THETH D
(Karim and Adachi, 1996).

INDLOBERPLAFREIFIFEIITFOFMREBEOTRELEN
ELTIToh, TOHBNEZERTH EODRKAXFOREMIBERR, 7o
FTSAMNEBBICHEDBEBER, "0 N 7RNEBEERED—E
DEYTENFELZRELL .

1 FFOBRBARERRBIVCEDEFT (LR ORI

AXDOHANAFEHE X, BDS ## (Dunstan and Short, 1977) Z E XK
Bl LT, ZHhIiZ 0.2M 3 ¥, 4.5 u M 2,4-dichlorophenoxyacetic
acid (2,4-D),0.44 u M 6-benzylaminopurine (BAP)EB X8 1.0 g-171
DIFIVBEZINZENEMLTITok. SHEDOEEERED 5 WITRHE
HOEREEABREAERL LTONARESRTETH . XXOD
NABEEX, BTE2RAVWTELN DY EYEERTPLEMEZ B L THA
TEDI LN, ZREERTICELTCREREBRFRALEZONL.
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FXOBBWREREPETITAHAEHDZIET1Iom BOXAT U VAR Ay
Va FTHBEREZERALTIIEBLATHo. BHEMREREOLD
DEHIT BDSEHIIC 200 mg 171 OBV I )V BEHEMUZEHAEL
Tz, £, 0.2M OV aBERMTHILICLI-THREICEREK
FRAELTWRVWHERORENE R LBBDLoNE. IAVANDLOD
HYEEARIX 0.5 t M o -naphthaleneacetic acid (NAA) & 1.0 ¢ M
BAP OBRMULEBEICEEEE2RLE. £/, 3 VIV BORMITED
BOBEHENTho. IAVADPLOEDEEAIL, HAEEERK
BTETIEN 70 % Thoed, WROBREZERTRESEOE
ARBEDbnBIo k.

2 AXOTFu b FTRMERBIVCHEBEFTLEEORI

T b ISR NOBEBELEREOEDOEZEERYE LE. T b TT
AMNOBEBIBREFTO= r—ALEBE% 06 M ZLHFFIT 9.6X
106 H-1gFW™ ! L EEEEZTRL, 7AF s vV IEHBREIZL D4
%% (Larkin, 1976) 1295 % U EThHot. Fu b ISR EOHEL
BRIZELTIEI60Xg OELDELZGEIEY THo 2.

BDS EHMEMREEARICL T F7 T X MERICHE L BHEAR
FRELE. TORER, MBIV VAZ 5 oM BEYTHY, EHHF
NEUIZ 2uM 2,4D & 1uM BAP OMAEDLE THRSEZRNES
BEERLEZ. 70 b 7SR MEEOZOHOEZEEIX 0.60 osmol-kg™?
BHENBELYTHY, 0.2M OV =8, 0.2M OF FUHE, BXU 0.06M
PREOCHRMTHRLOBEIBEESNTZ. SEOLZFIVHERERANLE
# %, TM-2 (Shahin, 1985) REBE Tho7=. IbIT, 1 /¥ b—1,
FTRaAVEVBBICVRATAVOBEREIXZFNFN, 056 mM, 1
mM, BL® 1mM THEZ LB RENE. £z, 7u b 75 X Mgk
KELTRRAREEN THAIZLAHLNER .

T b TR MNIFEHFOEREZEHRTAZEZI»Tag=—~
EHELE. 45 BEDONMNINAREZANABREBIIBEL TEOHEE
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L. 2mm RIZEELEe b SR MVEEINVRZHRAL, &
EMSE#HEZAVTHEDGERTARREZT 2. 2-3y ABRICIIEERL
75 BoIAZR0HD 256 8 (32 %) »bya—FOBEBRBD L
o, ThbDva— MNIEYERIL TV EE TR WVEHMIIBET S & %48
Lz, &b, ThbDHhEHEIFT I ABENTERLLEBER, EFIC
A£F L.

3 X¥LI-FXFLOBRHMERE &M

T bR MBI EIVRFEARXFLOBHMBERELZHE TS
EOIHEHNTERAEOL I ERWHMRBEAGEZRELE. MERME
REZKBEDEDONRTIA—F - BIUCHREEOHELEHEEZREL,
FOBEREHEZHOLNMILE., FFXRIBBEEHEREROBFRET 2 |
TI7AMERY, —F, F-RAFXINEYBEROERELEETIHKEAT
o h7IRAMEREELT, BEOHMRBERREIToL. ZOFEIZX
D TUANT RV FVERZFIIHBENTI LN TERE. EXMRBEBAEOL
DOHREBERIZO; M OV Y LIEBEREBIBLTWE., a2 b 75
APMBEDTZDOERNRNTA—F—1%, 1.5kVem ™! O NV REBEBRBE,
WBOMYPRXFRFER, 50 BDORAREIEELEZDNT. 1.5 X105
B-ml 'O NS RNEETREETILRBEOAT OV UE
REBEFON, TOEIXT% UETHo 7.

4 BERBRACLIIXXLI-RXFLOFHAREBORSRE

EXHBRBAICEIY XX (411ium fistulosum L., 2 n = 2 x = 16)
LEwXX (4. cepal., 2 n=2 x=16) L ORBELHBREZELER
LE.XFOFa b 75X vpb0an=—FBREBEET I ZHDO I —
K7€ F7 I F(I0A) BEZBHLMICLEZ. 10A LB ZfToZXX 71
FFPSRMNRREEZERBERVWEIRXX T2 b TF5XAMEREL, ~T
DAV FVOLABRBROCEEZETI2EODOMBRMEEEZEBELE. 20
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R O EEAWABRCIBATEOIc=—RELR, FORNDKH 80%H
HANVA~NLZEZLU., 326 F D 33 (10.1%) DINVAB Y a2—h
DEEFPBDODONE. ZNOOBEEORIZEIFEERTHOLH o0,
2HEBERTSRABETEST L. HREBEZHBI U DNA BT 217012
R, VABZERDO 2B ZNENRAF LI XXOERELET
5B _EHE2n=4x=32) ODEHMRERTHIZLBHALM LR .
EHIZ, O SEEIZIRXXFOEY /) AL XX XHEROEREEELT
Wiz, ThoOEEORXRFOEFELTCORBIZOVWTERLE.
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Summary

Alocal variety of Japanese bunching onion (A/ium fistulosum L., 2 n= 2x
=16), ‘Hakushu-negi’ belonging to the variety group ‘Senju’, has been
selected for taste by mass selection and cultivated in Tottori Prefecture.
There remain, however, problems of susceptibility to rust disease caused by
Puccinia allii and a lack of uniformity in growth due to open pollination. To
resolve the former problem, resistant genes for rust disease should be
introgressed, though these genes are not exist in the varieties of Japanese
bunching onion. On the other hand, bulb onion (4. cepa L., 2 n= 2 x=16) is
comparatively resistant to this disease (Jennings et al., 1990) and these
genes can be introgressed by somatic hybridization. To dissolve the latter
problem, alloplasmic male sterile strains are useful to develop the F; hybrid
in Japanese bunching onion (Yamashita et al., 1999). The introduction of
nuclear and/or cytoplasmic genes from related species should be possible
with the technology of somatic hybridization (Karim and Adachi, 1996 ).

In this respect, this study focused on the development of the somatic
hybrid plants between Japanese bunching onion and bulb onion. To do this,
the biotechnological methods, such as cell suspension culture, protoplast
culture and subsequent plant regeneration, and electric protoplast fusion

systems were established .

1. Establishment of cell suspension cultures and plant regeneration in

Japanese bunching onion.

Callus induction for Japanese bunching onion was established on BDS
medium (Dunstan and Short, 1977) supplemented with 0.2 M sucrose, 4.5
© M 2,4-dichlorophenoxyaceticacid (2,4-D), 0.44 1 M 6-benzylaminopurine
(BAP), and 1.0 g1 ~! casamino acids. Stem disc of plantlet or apical

meristem region of mature plant was available as an explant of callus
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induction. In practical use, stem disc was useful because it could be utilized
all the year round in seed-producing varieties of Japanese bunching onion.
To establish cell suspension culture in Japanese bunching onion, filtration
of cell clumps by use of stainless steel sieves with 1 mm pore size was
essential. It resulted that BDS medium supplemented with 200 mg < 17!
casamino acids was suitable for cell suspension culture. It also revealed
that higher proliferation rate of the cytoplasm-rich and non-vacuolated cells
was achieved in the medium supplemented with 0.2 M sucrose. The highest
rate of plant regeneration from callus was obtained on the medium
supplemented with 0.5 1z M « -naphthaleneacetic acid (NAA) and 1.0 ¢ M
BAP. The addition of casamino acids was effective for plant regeneration. It
revealed that plant regeneration was capable within the 7th subculture at
the rate of around 70 %, however, at the 14th subculture plant regeneration

was not observed.

2. Establishment of protoplast culture and plant regeneration in

Japanese bunching onion.

Several conditions were examined for isolation and culture of protoplasts.
For isolation of protoplasts, the optimal concentration of mannitol in the
enzyme solution was 0.60 M. In this condition, 9.6 X108 protoplasts * 1g
FW-! was yielded and the viability of these protoplasts were above 95 % by
the test of fluorescent diacetate (Larkin, 1976). For the isolation and
purification of protoplasts by centrifuging, the force condition of 60X g was
suitable.

Based on BDS inorganic salts, nutrient media suitable for protoplast
culture were investigated. The optimum cell division was achieved with 5
mM potassium nitrate and a combination of 2, M 2,4-D and 0.2 or 1z M
BAP. The suitable osmolality for protoplast culture was around 0.60

osmol * kg 1, whereas a combination of 0.2 M sucrose, 0.2 M glucose and 0.05
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M fructose accelerated cell division. It resulted that TM-2 (Shahin, 1985)
was most effective among the three vitamin-types tested. Furthermore, it
also revealed that suitable concentrations of inositol, ascorbic acid and
cysteine was 0.56 mM, 1 mM, and 1mM, respectively. In addition,
illumination for protoplast culture was deleterious.

The protoplasts developed into colonies by gradual reduction of sugar
concentration. After 45 days of culture, numerous micro-calli formed which
were subsequently transferred to a callus formation medium. Plantlets were
regenerated by transferring protoplast-derived calli of ca. 2 mm in diameter
to a modified Murashige-Skoog medium. Of the 75 calli inoculated, 24 (32%)
gave rise to green shoots on a regeneration medium 2 to 3 months after
inoculation. These shoots rooted when cultured on a hormone-free medium.
These plantlets were successfully acclimatized and grew normally in a

greenhouse.

3. Conditions of electric protoplast fusion between Japanese bunching

onion and bulb onion.

For the purpose of developing somatic hybrid plants between Japanese
bunching onion and bulb onion, effective and reproducible conditions for
electric protoplast fusion were examined. Comparative studies of various
combinations on composition of fusion solution, electric parameters for
fusion and protoplast density were carried out and suitable conditions could
be clarified. White protoplasts of Japanese bunching onion were isolated
from suspension cultured cells and green protoplasts of bulb onion were
from young leaves with chloroplasts. These were fused each other and the
heterokaryons were distinguished from others. The 0.5 mM calcium solution
was most suitable for electrofusion. The optimum electric conditions for
protoplast fusion were identified; 1.50 kV « cm™! for pulse field strength, 40
seconds for AC time, and 50 u second for pulse width. The highest yield of
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protoplasts + ml™1.

4. Production of somatic hybrid plants between Japanese bunching onion

and bulb onion via electrofusion

Interspecific somatic hybrids between Japanese bunching onion (Allium
fistulosum L.., 2 n= 2 x= 16) and bulb onion (4. cepa L., 2 n= 2 x= 16) were
produced by the electorofusion of protoplasts. A concentration of
iodoacetamide (IOA) suitable for inhibiting the formation of colonies from
protoplasts in Japanese bunching onion was used. IOA-treated protoplasts
of Japanese bunching onion and untreated protoplasts of bulb onion were
mixed together and fused, with the expectation that only heterokaryons
would selectively develop into colonies. Four hundred and seventeen
colonies had formed from fusion products after 45 days culture and
approximately 80 % of them grew into calli. Plant regeneration was
achieved for 33 out of 325 (10.1 %) calli. Some regenerants expressed
abnormalities but two were successfully transplanted in a greenhouse.
Cytogenetical and DNA analyses revealed these two regenerants to be
amphidiploids (2 n = 4 x = 32). Furthermore, it was shown that another
three regenerants possessed the nuclear genome of Japanese bunching
onion while their chloroplasts were from bulb onion. The application of
these hybrids to a breeding program for Japanese bunching onion was

discussed.
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